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URING the past sixteen years influenza has 

been, I imagine, the virus that has received 
most study and attention in the laboratory, though 
poliomyelitis must run it very close. It has been 
studied by workers trained in very different dis- 
ciplines and approaching it from many angles. Per- 
haps most novel and exciting is the work based 
on Hirst’s! discovery of the power of the virus to 
agglutinate red cells of fowls. Directly deriving 
from this finding is the demonstration that influenza 
virus, or a part of it, has an enzyme-like action 
upon a carbohydrate-containing protein; this pro- 
tein is present in serum and other body fluids and 
occurs on the surface of red cells and apparently 
also of the susceptible cells in which the virus can 
multiply. It is tempting to believe that the enzyme 
action plays a part in effecting entry of the virus 
into the host cell. As a result of these studies we 
can begin to picture as never before something of 
the biochemical basis of the attack of an animal- 
pathogenic virus on a cell, and we can demonstrate 
activity of a virus in a milieu other than the in- 
terior of the cell. Where all this will lead it would 
be rash to prophesy, but the prospects of swift 
advance are great. 

My approach today is as different as can be. 
Instead of looking at the attacked cell and the 
individual virus particle adsorbed upon it, I wish 
to consider the ultimate results of that attack, not 
merely as it affects the patient’s respiratory tract 
but as the resulting disturbance spreads to his family, 
his township and possibly over a large part of the 
world. The epidemiology of influenza has caused 
the spilling of much ink, for an influenza epidemic 
can be one of a drama on a large scale. Much of 
what has been written came at a time when we 
did not know that there was a virus of influenza, 
still less that there were two antigenically unrelated 
viruses, A and B. That knowledge might have 
saved much trouble to the earlier mathematician- 
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epidemiologists trying to work out cycles of peri- 
odicity. There is much to puzzle us in the way in 
which influenza epidemics arise. Seven years ago 
R. E. Shope? gave a very stimulating Messenger 
Lecture on ‘‘Recent knowledge concerning influenza” 
and considered this puzzle; and in the same year 
I gave an address entitled ‘Thoughts on the Origin 
of Influenza Epidemics.’* Our discourses ran on 
rather similar lines, and I shall refer to them again. 
Since then much water has flowed under London 
Bridge, and it is not, I think, too soon to have an- 
other look at this problem, though we are still far 
from seeing to its heart. 

May I first remind you of certain characteristics 
of the influenza virus. It is not one of the viruses 
that invade the blood stream, and we may note 
in passing that many viruses that do cause such 
a generalized infection — such as those of measles 
and yellow fever — tend to give rise to a life-long 
immunity. Influenza doubtless enters our bodies 
through the air we breathe and attacks the super- 
ficial mucous membranes of our respiratory sys- 
tem, probably all the way down from the nose, by 
way of the pharynx and trachea to the finer bron- 
chioles. Damage to these invaded cells accounts 
for many of the symptoms of the disease, and ab- 
sorption of products of damaged cells for others. 
Lately, the Henles‘ and others have shown that 
influenza virus, apart from any ability to multiply, 
has a toxin-like action demonstrable in mice or 
rabbits. On the whole this toxic effect is associated 
only with intact living virus, but it is just possible 
by minimal treatment with ultraviolet rays to 
destroy infectivity while retaining some toxicity. 
Probably because it can attack us through the ex- 
posed surface of our mucous membranes and does 
not have to run the gauntlet of the antibodies and 
leukocytes in our blood, influenza finds us unable 
wholly to resist it, only a year or two after we have 
endured a visit from it. 

Its ability to come back at us, after we have once 
repelled it, is probably due in part also to its plas- 
ticity. There are two influenza viruses, A and B, 
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unrelated antigenically. Stories of two attacks of 
influenza within a short time may be explained by 
infection first with A and then with B; such oc- 
currences have on several occasions been proved 
by laboratory tests. (Alleged repeated influenza 
attacks at frequent intervals are almost always 
not influenza at all.) But within the group of in- 
fluenza A are serologic variants of such magnitude 
that vaccination with another strain of the A virus 
is unavailing against a new strain. It seems likely 
that the virus can vary antigenically, enough to 
upset the calculations of the epidemiologist, who 
would like to perceive regular cycles on his charts. 
With greater knowledge we may hope to interpret 
epidemiologic charts on the basis of rate of fall of 
immunity of a people, if we can combine this know]- 
edge, with some insight into the maneuvers of the 
virus in the field of antigenic variation. 

In 1899 Pfeiffer described the small gram-nega- 
tive bacillus now called Haemophilus influenzae; 
this is known as the influenza bacillus and was for 
years thought to be the cause of influenza. During 
the terrible 1918-1919 pandemic it was in many 
areas present in enormous numbers in the lungs 
in fatal cases. There is no doubt now, however, 
that in other areas its activity was less noticeable 
and that other organisms replaced it as the most 
important secondary invaders. I say “secondary”’; 
secondary to what? Attempts during that pan- 
demic to demonstrate a causative virus, even using 
human volunteers, were mostly negative or un- 
convincing. Nevertheless, most people believe 
today that that pandemic was due to a virus, prob- 
ably a variant or mutant of A, and perhaps one 
with a particular aptitude for acting in concert 
with bacteria, especially H. influenzae. Shope® 
has shown that the typical picture of. swine in- 
fluenza in the Middle West is due to combined 
attack by the swine-influenza virus and H. influenzae 
both closely related to their human counterparts. 
Human-influenza virus can also infect swine® but 
apparently co-operates less effectively with JH. 
influenzae suis. Swine influenza occurs also in 
Europe, but here H. influenzae seems to be often 
of no special importance as an infection co-operating 
with the virus. 

During an epidemic of influenza in man, a vary- 
ing number of subclinical infections occur; these 
are usually recognized by the development of anti- 
bodies during the epidemic in persons giving no 
history of symptoms. After the epidemic, the virus 
seems to disappear. In Britain we have some in- 
fluenza A roughly every other year, and virus A 
is to be found only for three months out of every 
twenty-four. From cases of clinical influenza oc- 
curring between epidemics we, at Hampstead, have 
always failed to obtain virus or serologic evidence 
of virus activity. Elsewhere, virus has occasionally 
been picked up from such sporadic cases, but I 
myself doubt whether the carry-over of virus from 



































































one epidemic to another can occur th; ugh the 
medium of such cases. 

You will be familiar with Shope’s? experiments 
which show how swine influenza can he carried 
over from one year to another. The Virus, which 
is really a strain of influenza A, may be Carried 
from the lung of infected pigs in the ova of lung 
worms inhabiting the pig’s lungs at the time. The 
embryonated ova passed in the pig’s feces are taken 
up by earthworms; the lung worms go through 
stages of their developmental cycle in the earth. 
worms and get back to the pig when it next has 
an earthworm meal. Virus is not directly demop. 
strable in the worms, but exists in a masked form, 
Influenza is not caused at once when the virus gets 
back to the pig; some jolt is necessary to activate 
it. The evidence for all this seems good, though 
so far as I know no one in any other laboratory in 
Europe or America has tried to repeat it, [t 
seems unlikely to have universal applicability, for 
pigs in Britain have swine influenza though they 
may live their lives on concrete and may become 
bacon without ever seeing an earthworm. Another 
mechanism of carry-over is possible here; the virus 
of swine influenza has been recovered from chronic 
lung lesions in British pigs,* months after occurrence 
of the disease, and the same statement is true on 
the continent of Europe. One thing worries me 
about Shope’s experiment: such a complex associa- 
tion between creatures of four species has the hall- 
mark of an ecologic happy family, the result of 
eons of evolution. Yet neither the pig nor the 
earthworm concerned is native to the United States, 
and swine influenza is asserted never to have been 
known in the Middle West before 1918. It would 
be odd if swine influenza, which is not known to 
survive so long anywhere else (except in the virolo- 
gist’s dry-ice container), should just happen to 
find the interior of a lung worm an ideal resting 
place. I feel that either there is something wrong 
with the facts as presented or we ought to be looking 
rather more earnestly for some similar mechanism 
to explain the survival of human influenza viruses. 

So much for our general background. We see 
two viruses, A and B, each capable of variation in 
antigenic and doubtless other characters, both at- 
tacking the surface of the respiratory tract and 
perhaps for that reason not generating life-long 
immunity, liable at times but not at other times to 
team up with a hemophilus and able to cause sub- 
clinical as well as clinical infections but — except 
for Shope’s swine influenza — lacking visible means 
of support between one epidemic and the nett. 

Now for the epidemiologic background,’ let 
us go back a hundred years or so. There was 4 
good deal of influenza in Britain in the years pre 
ceding 1847-1848, when there was a serious ¢pr 
demic. Then for many years the disease remained 
rather quiet — apart from two minor episodes— 
both in Europe and in North America. In the 


] Ds 9; 1950 





Vol. | 


deca 
The 
and 
cent 
in \ 
othe 
all ¢ 
a se 
long 
has 
level 
nom 
fashi 
posit 
conf 
lot. 
Aa 
year 
influ 
Figu 
same 
TI 
vere, 
pand 
attac 
are t 
the « 
indee 
some 
of th 
had | 
and t 
trooy 
Brite 
trooy 
mark 
adult 
wher 
mort. 
strait 
influe 
a Su 
Burn 
cann 
to ot 
seem 
or pe 
acros: 
Euro) 
the fi 
in its 
majol 
sugge 
have 


cente! 
West 
We 
the ¢ 
think 


of vil 








ugh the 


riments, 
Carried 
’ which 
Carried 
Of lung 
ne. The 
e taken 
hrough 
earth- 
ext has 
demon- 
1 form, 
US gets 
Ctivate 
though 
tory in 
it. It 
ty, for 
h they 
ecome 
nother 
> Virus 
hronic 
rrence 
ue on 
es me 
$OCia- 
> hall- 
ult of 
r the 
tates, 
been 
vould 
vn to 
irolo- 
n to 
sting 
rong 
dking 
nism 
uses. 
see 
yn in 
) at- 
and 
long 
§ tO 
sub- 
cept 
Dalls 
ext. 
let 
iS a 
pre- 
epi- 
ned 


) 


the 


be 9, 1950 





Vol. 242 No. 6 





decade prior to 1889 it was hardly recognized. 
There were, however, epidemics in Russia in 1886 
and 1887. (Note these, for it was in Bokhara in 
central Asia that pandemic influenza reappeared 
in May and June, 1889.) From here it spread to 
other parts of Russia, to Europe generally and 
ll over the world. In many parts it occurred as 
a series of waves; indeed one hardly knows how 
long they went on, for the incidence of influenza 
has never since fallen back to the low pre-1889 
level. Professor Greenwood thinks that this phe- 
nomenon is genuine and not a reflection of changing 
fashions in nomenclature, that it is true that “the 

position lost in 1890 has never been regained.” I 

confess that the change in incidence worries me a 

lot. We can recognize the presence of influenza 

A and B viruses in Britain at best every other 

year. Why then is the mortality attributed to 

influenza higher every year than before 1890? 

Figures from Australia, I may add, are much the 

same as those from Britain. 

The 1889-1890 pandemic was extensive and se- 
vere, but it was ordinary influenza. The 1918-1919 
pandemic was very different in its heavy and lethal 
attack on young adults. Ordinarily, those killed 
are the very young and the very old. Prior to 1918, 
the disease had not declined as it had before 1889; 
indeed, Frost, in the United States, had noticed 
some signs of buildup from 1914 on. The origins 
of the pandemic in 1918 are rather obscure. There 
had been an epidemic early in 1918 in North America 
and the disease appeared in France among American 
troops at Brest and Bordeaux in April. It reached 
Britain in June, possibly through the agency of 
troops returning on leave. If we take as the hall- 
mark of 1918 influenza the killing power for young 
adults, we should look for its origin to a country 
where there was a gradual development of a high 
mortality in young adults, as, presumably, the new 
strain got under way and replaced the ordinary 
influenza. In Britain in June the epidemic showed 
a sudden change in age incidence of mortality: 
Burnet and Clark® argue that the vicious new strain 
cannot therefore have arisen in Britain. They failed 
to obtain adequate data from other countries but 
seem by implication to suspect an origin in France 
or perhaps among the American soldiers traveling 
across the Atlantic. They speak of the primary 
European-American center of origin. Boston was 
the first place in America to experience influenza 
mits severe form, and, of course, Boston was a 
major port of embarkation for Europe. There are 
Suggestions that a change to the virulent form may 
have occurred not only at this European—American 

center but also separately and independently in 
W est Africa, in India and in central China. 

We do not know and may never know what was 
the Causative agent of the 1918 epidemic, but I 
think most workers suspect that it was a mutant 
of virus A — or possibly B. The emergence of 
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a new mutant is largely a matter of chance, the 
chances being greater the more virus there is about 
and the more it is multiplying. If an ordinary 
influenza epidemic hits a community with rather 
low resistance and if there are unusual opportunities 
for its rapid spread, as by dense aggregations in 
troopships and camps, the chances are great that 
a new mutant may arise. There were successive 
waves of influenza in 1918-1919, and suffering from 
the disease in one wave did not necessarily protect 
one from attack in the next wave; these facts suggest 
that the mutant appearing in the summer of 1918 
was an unstable one from which new mutants 
readily derived. It is thus not very improbable that 
a similar, second-stage mutant of especial virulence 
arose independently in several countries to which 
the first mutant strain had spread. The new strains 
presumably differed in antigenic makeup and in 
greater tendency to attack the lungs. The first 
mutant had already shown some viciousness for 
young adults, and this propensity developed further. 

I wish to consider the 1918-1919 epidemic only 
in its relation to the influenza that preceded and 
followed it. In my first lecture I discussed the 
properties of viruses and how virulence on the one 
hand and persistence or power to survive through 
hard times on the other were qualities that rarely 
went together. We must, I think, believe and be 
grateful that the 1918 virus, though its virulence 
allowed it to kill 15,000,000 people, lacked the small 
quality of persistence possessed by, say, the humble 
herpes virus. It cannot have died out at once after 
1919, for there was a gradual return to normal age 
incidence of mortality over several years. This 
was reached in the United States at least by 1923; 
in Britain it apparently took rather longer. A 
gradual replacement of the pandemic strain by ordi- 
nary influenza viruses seems a rational explanation. 
A gradual change in the properties of the virus is also 
a possibility. Consider what happened in a country 
that escaped the pandemic but was attacked soon 
after. New Caledonia escaped in 1918, but influenza 
was introduced there in 1921. The incidence was 
very high, but there is no suggestion that mortality 
was high in young adults. Those who, having been 
away from the island, had been through the 1918 
pandemic elsewhere, had apparently lower suscep- 
tibility to this 1921 outbreak thati others on the 
island. 

Influenza has behaved differently in England 
since 1920, on the basis of the weekly deaths re- 
corded as due to influenza for the 126 great towns 
of England and Wales. The general practitioner’s 
diagnosis of influenza would not, one would think, 
be very reliable, for no one can diagnose a case with 
confidence. Nevertheless, his diagnosis of influenza 
as a cause of death bears a most remarkable re- 
lation to the activity of influenza, usually virus A. 
The deaths seem largely to be among old or weak 
people upon whom the virus administers a coup de 
















































grace. Possibly, the doctor tends to put influenza 
on his death certificates when there is a lot of upper 
respiratory infection in his practice. Anyway, these 
notifications are of great help to us. Before the war, 
influenza tended to attack us every other year, 
with special emphasis on every fourth year. Since 
1939 the spacing between epidemics has been rather 
wider, and the peaks rather lower. Before, however, 
we start congratulating ourselves let us remember 
that influenza seemed to be fading out before 1889. 

As to what starts an epidemic, there are two 
main theories. According to one view influenza 
is always with us. At times of epidemic, an endemic 
virus lights up, perhaps because the immunity of 
the population has fallen to a low enough level or 
because of some climatic or other unknown factor. 
The reported spread of the disease from country 
to country is thus only apparent; there is really 
a successive activation in each country of its home- 
bred virus. Certainly there is at times a wildfire 
spread of influenza, too rapid to be conceived of 
as due to ordinary spread by human contacts. 
In Shope’s? Messenger Lecture referred to above, 
he describes most graphically the beginnings of 
a swine-influenza outbreak in the Middle West. 
On one day a drove of 100 animals seems perfectly 
well; next morning the whole lot are off their food 
and depressed, and by the next day the “‘illness is 
full-blown,” and a few may be dead. This is not 
an isolated occurrence, for “‘within five miles .. . 
there are two dozen other swine herds concurrently 
undergoing influenza” — with, mark you, no direct 
contact between them. The owner of one herd puts 
it all down to the animals’ sleeping in a draught 
because a door was left open, or to some similar 
cause. One can, however, hardly believe in an 
epidemic of leaving doors open, afflicting two dozen 
farmers simultaneously. Shope suggests that the 
virus has been seeded into the herd by the agency 
of the earthworms carrying the virus and that some 
jolt has activated the infection. He goes on to in- 
quire whether a similar state of affairs may not 
occur in human influenza and quotes in support 
some data from a thesis by Robert Johnson,!° 
of Philadelphia, published in 1806. This far-seeing 
doctor noted that influenza seemed to travel more 
rapidly than means of human transport and that 
during an epidemic “‘even persons at sea, though 
at an immense distance from land, were affected 
in the same manner” as those ashore. Johnson 
could not bring himself to believe that influenza 
was due to a specific contagion. If so, “it must 
always exist. The small pox, the venereal disease, 
etc., never intermit; but the influenza has become 
extinct and again broke forth upon the world after 
a period of . . . years.” Shope, in discussing these 
ideas, suggests, as his studies of swine influenza 
naturally incline him to do, “a pre-epidemic seeding 
of the causative agent of the human disease.” 
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The opposite view concerning influenza ‘Pidemics 

is that some other country is always io blame 
In 1889-1890 it was called “Russian ’flu” with some 
justification; in 1918 it was “Spanish ’flu” for no Dare 
ticular reason at all. I myself felt rather chilly to. 
ward the idea of country-to-country spread, until 
in 1945-1946 there was an almost world-wide pan. 
demic of influenza B." It is hard to believe in cop. 
ditions changing within a single year from Ay. 
tralia to the Caribbean and across to Europe, all 
favoring B, the poor relation of the influenza 4 
virus. Apparently, noteworthy B outbreaks began 
in mid-Pacific, in Guam and Hawaii in June, 1945 
though there had been some in the United State 
in the previous March. From the Pacific the virys 
went east to the Caribbean, the northern parts of 
South America and Texas. A rather slow spread 
occurred in the United States. The B virus also 
went south to Australia (November, 1945) and 
farther east to Europe, reaching Holland and 
Belgium in December, 1945, and England in Janv- 
ary, 1946. Serologic study showed that Australian 
and British strains were closely related and rather 
different from the standard B strain. There were 
also epidemiologic similarities between the B strain 
in Australia and that in Britain; in both countries 
school children were particularly affected. I have 
gone a little beyond my facts in thus describing 
the epidemic, for we have not serologic proof from 
every country in its track that it was B that was 
active; not every country was equipped to make the 
necessary tests. 

Need for accurate information in such circum- 
stances is great. Only thus can we learn the facts 
upon which we can judge if country to country 
spread of influenza is a real phenomenon or an 
illusion. Largely for such reasons, the World Health 
Organization set up, at the National Institute for 
Medical Research at Hampstead, a world influenza 
center. In this laboratory, which is quite small and 
unpretentious, we hope to gather strains of influenza 
from outbreaks all over the world, as well as in- 
formation about the activity of the disease. Re 
cently, I am glad to say, Dr. Magill, of Long Is- 
land Medical College, has agreed to be responsible 
for a corresponding laboratory over here, a con- 
tinental strain-study center, dealing with both 
North and South America. This has been arranged 
in consultation with the United States Public 
Health Service and Army Influenza Commission. 
And now the antigenic variability of influenza, 
which is in general such a nuisance, becomes 4 
positive asset, for it is possible to track a particular 
strain across a continent. We may have been lucky 
in 1948-1949 in having a nice, unsmirched blood 
hound trail across Europe. The slide shows the 
progression of influenza last winter from an origi 
in northern Sardinia in late September and October, 
1948. It appeared a little later in Sicily and Cal 
bria, though whether arising independently 
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coming from Sardinia I should hesitate to say. 
Thence was a regular spread up Italy, into Austria, 
Switzerland, all over France, into northern Spain 
and western Germany and across Belgium into 
Holland. All these countries were reached by De- 
cember, 1948, or January, 1949, and in most of 
them the incidence was very high. First cases were 
recognized in Britain about the New Year in people 
newly arrived from France, but the disease took 
some weeks to get under way and was not nearly 
so widespread as on the Continent, although it is 
not regarded as one of our major outbreaks. The 
virus also reached Denmark, apparently by sea, 
and Iceland. Besides the A epidemic a small B 
outbreak was recognized in Italy, England, Den- 
mark, Sweden and across the iron curtain in Czecho- 
slovakia, Hungary and Jugoslavia, but apparently 
that curtain stopped the large A outbreak. Freedom 
of communication across frontiers and _ ideologic 
climate clearly cannot explain all, for Sweden had 
only a sporadic A epidemic. One can, however, 
perhaps explain this, and also the lower incidence 
in Britain and the failure to spread to America, 
by the prevalence in those countries of a related 
virus only two years before, in 1947. Jugoslavia 
had quite a large outbreak of res, tory infection 
this year, but, judging from the results of tests on 
serums from there and on clinical reports, we can- 
not conclude that this was influenza at all. Turkey 
had an A outbreak, whose relations to that in western 
Europe are doubtful. 

I have talked confidently of a real spread. I 
do so because we received viruses from Italy, Swit- 
zerland, France, Holland, Britain and Iceland, and 
these were antigenically identical. My colleague, 
Dr. C. M. Chu, found that they were of the 
aberrant type of A known as A-prime, but, though 
of this general type, they were by refined serologic 
methods demonstrably distinct from the A-prime 
strains recovered from Australia, America and Eu- 
rope in 1946 and 1947. The homogeneity of the 1949 
Viruses contrasts with results obtained in 1937 
when several serologic types were obtained in one 
epidemic, mostly from near London.” In those 
days we adapted all our strains to mice and carried 
out neutralization tests in mice with the aid of 
immune ferret serums. Nowadays we use fluids 
from infected eggs and study these with the Hirst 
and complement-fixation tests. Was the antigenic 
homogeneity due to use of a different technic? 
Apparently not, for I tested four 1949 strains by 
the 1937 methods and found them still identical. 
They did, however, do what Hirst! has described 
in showing some antigenic divergence after many 
Passages through mice. 

The origin of this epidemic has been studied in 
Sardini by Magrassi,!* who took good advantage 
of his ‘avorable position on an island. From mid- 
Septem! er, 1948, to early October a simultaneous 
multicentric origin was noted in ten inhabited 
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centers in northern Sardinia. The peak of mor- 
bidity was reached after thirty or forty days; 
incidence was up to 60 per cent. When the wave 
was declining at the end of October a second group 
of seventeen centers became affected. Magrassi 
thinks that this second burst of activity may have 
also been autochthonous. ‘There seems,” he says, 
“never before to have been given such a clear and 
precise demonstration of a multicentric origin of 
influenza in a relatively restricted stretch of ter- 
ritory and in tolerably uniform geographical con- 
ditions and environment, such as was encountered 
in Sardinia.” He adds, concerning the second out- 
break “‘we were able to verify, for example, the 
appearance of a typical form of influenza in shep- 
herds who were living for a long time alone, in 
solitary open country many kilometres from any 
inhabited centre; this occurred absolutely con- 
temporaneously with the appearance of influenza 
in the nearest inhabited centres.” 

An interesting aspect of this autumn outbreak 
is that figures from Italy show that influenza was 
prevalent in the late spring and early summer of 
1948 in Sardinia, Sicily and Calabria — just those 
provinces in which the outbreak began first in 
the autumn. It looks as though the epidemic went 
underground in the unfavorable summer months, 
to reappear as conditions became more propitious 
with cooler weather. It is-true that the late spring 
outbreak was allegedly caused by the B strain. 
Even so, the course of events recalls happenings 
in Canada, the United States and Britain in 1943. 
In those countries there were sporadic early summer 
outbreaks of A influenza (in Britain after an earlier 
B outbreak); these ceased, but A reappeared in 
September to cause one of the largest outbreaks 
of the past decade. 

Other incidents combine to impel our thoughts 
in a certain direction. Outbreaks of common colds 
frequently occur in the local inhabitants soon after 
a ship touches an isolated port. But in November, 
1935, a serious outbreak of influenza started in 
Angmagsalik in Greenland more than two months 
after the visit of a ship from abroad. I was re- 
cently reading for relaxation a travel book, Explor- 
ing with Byrd, and found an account of “a really 
severe influenza epidemic, about 40% of the 
men suffering” at Byrd’s base camp in the Ant- 
arctic. This was on January 6, 1929; they had 
left New York in the early autumn and New 
Zealand on December 12, 1928. New Zealand had 
no influenza that year, but New York had and, 
so far as I can make out, had it at about the same 
time as did the detached piece of America in the 
Antarctic called Little America. Had something 
been slowly building up in Byrd’s party, just as in 
the America they had left? 

Magrassi!! writes, “migration of an individual 
carrier of the infection into new groups of popula- 
tion is insufficient to give rise to influenza.” Per- 




































haps that is why after some cases reached Britain 
in early January it took such a long time for in- 
fluenza to flare up. Everything suggests to me that 
an influenza epidemic is like a burst of flame set 
alight when a spark traveling along a slow fuse has 
reached the end of its journey. Hirst and others 
have found serologic evidence of occurrence of 
isolated subclinical infections with influenza some 
weeks ahead of the epidemic, but the activity of 
the slow fuse is usually hidden from our knowledge. 
Why do colds light up when the cold weather begins 
in the autumn, whereas influenza only exceptionally 
starts then, occurring more commonly in late De- 
cember and early January? May it not start earlier 
than we think, but in the unseen fuse stage of its 
existence? 

In my 1942 lecture referred to earlier, I suggested 
that influenza might exist in several grades of 
virulence; there would be a Grade I or basic virus 
adapted to perpetuating itself as a latent infection 
and lacking the A antigen by aid of which we could 
recognize its presence. As it built itself up through 
Grades II, III, IV and V it acquired in stages A 
antigen and ability to infect ferrets and mice and 
to spread better and better in man. Finally Grades 
VI and VII were the first-stage and second-stage mu- 
tants of pandemic virus that we discussed earlier. 
Perhaps this conception should be dismissed as 
the sort of naive idea to be expected from a young 
man of under fifty. Nevertheless, I still feel that 
there may be something in it. The acquisition of 
successive grades of virulence is an idea akin to 
that of the slow fuse. It seems that when a few 
sparks — infective cases — reach a new area, they 
will exceptionally find dry tinder ready for them, 
but will more often merely start off the smouldering 
of a fuse of greater or lesser length. 

The conception that virus particles vary quan- 
titatively in virulence and power to spread affords 
a basis on which one can happily speculate for hours 
about the mechanism of epidemics. Topley’s studies 
on the epidemiology of mouse typhoid were, however, 
all against such a view. Another factor must, in 
any case, be considered also. In general, one is 
happy to have successfully isolated influenza virus 
from a throat washing by egg inoculation; one does 
not readily succeed with diluted washings. But 
several workers, including Hirst,!* have encountered 
occasional subjects who have yielded throat wash- 
ings positive for virus at 1:1,000,000 dilution. 
Just as nasal carriers of hemolytic streptococci 
seem important in the epidemiology of streptococcal 
infections, so the occurrence of a few super-shedders 
of influenza virus may be of vast importance in 
our problem. We have often been puzzled, during 
lesser outbreaks, to explain how influenza can pick, 
let us say, on one company of recruits and lay it 

low, whereas others in a similar environment are 
almost spared. The presence of one super-shedder 
in a company might explain a lot. 
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On the whole I feel that there may 


e } 
compatibility between the two theoric ak 
mentioned concerning the beginning of Didemics 
There may be a county-to-county sprea:! of virus 
but not necessarily of an immediate ‘Didemic. 


The immigrant virus may spread at first unnoticed 
and burst out later on, causing an outbreak of 
apparently multicentric origin. 

We have now collected a few ideas on the buildup 
and spread of epidemics, but are no nearer under. 
standing where the virus goes between outbreaks 
If our fuse is, as seems likely, so constructed that 
it burns faster and faster as it goes on, tracing jt 
backward would bring us to a fuse burning very 
slowly indeed. Indeed, I suspect that the smoulder. 
ing of influenza between outbreaks is so slow and 
inefficient that it often goes out. It seems to have 
gone almost out in the 1880’s. In small isolated 
communities such as St. Helena it seems to die out 
until reintroduced. Just by luck, now in Bokhara, 
now in Sardinia, some fortuitous set of circumstances 
lights a fuse that later starts a fire. Recent antigenic 
studies of virus A themselves suggest that its con- 
tinued existence always hangs on a slender thread. 
Almost all A outbreaks since 1947 have been as 
sociated with the apparently novel A-prime strains. 
Where are the viruses allied to the older W. S. and 
PR8 strains, which caused our troubles between 
1933 and 1946? Have their fuses all fizzled out? 

Some years ago there was talk of whether swine 
influenza in the Middle West was passed to swine 
during the pandemic from man. It seems equally 
relevant to consider whether virus may not pass 
from pig to man, the pig being a reservoir of human 
influenza. The swine virus has apparently worked 
out a fool-proof mechanism for carrying on in worms 
between epidemics. Perhaps just now and again 
a mutant of swine influenza becomes adapted to 
a human host. I suggested recently that we now 
had available a means of obtaining information 
on this point. Shope’s swine-influenza strains from 
Iowa stand antigenically apart from other A viruses. 
Swine viruses from Cambridge (and I mean Cam- 
bridge, England, not Cambridge, Massachusetts) 
and from Northern Ireland are just as closely 
related to the PR8 strain of A as to Shope’ 
virus. If currently isolated swine viruses proved 
to be of the same nature as those now prev- 
alent in man—that is, of the A-prime ve 
riety — we should have to look into this ques 
tion of possible pig-to-man infection more care 
fully. And now comes the news that a swine 
virus isolated in Korea in 1939, the Oti strain, 
bears some relation to the A-prime group. I am 
glad to say that at the International Veterinary 
Congress, held in London in August, decisions 
were taken to arrange serologic comparisons of 
swine-influenza viruses from many countries, much 
as we are doing with human viruses. 
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Possible persistence of influenza in other species 
must be borne in mind also. Dr. S. G. Anderson, 
in unpublished experiments in Burnet’s laboratory, 
found suggestive evidence that sheep might be 
susceptible. With this in mind I managed to ob- 
tain by the kindness of Professor Magrassi serums 
from the sheep belonging to some of his solitary 
shepherds, but, alas, no specific antibodies were 
demonstrable. 

Finally, let us ask what the prospects of a 
return of a pandemic like that of 1918-1919 are. 
Frankly, we know so little that we can only guess. 
Influenza seems to be a megalomaniac virus that 
likes to operate on a world-wide scale. It has to 
be labile to adapt itself to a changing civilization. 
Dare we hope that civilization is changing too fast 
for it? If pandemics occur in a country when im- 
munity to the virus has reached a low ebb, may 
they not be averted if air transport and increased 
travel generally cause a mixing-up of all peoples 
and their viruses, so that our immunity never falls 
too low? Naturally, one foresees a possible danger: 
if political troubles should cause a further division 
of the world into two separate camps, different 
strains of influenza might become dominant in each 
half, the other half of the world having no immunity 
to it; the virus, which has no political preferences, 
would then seize its chance. 
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In a world where, by and large, infectious disease 
is waning as a factor holding up human progress, 
influenza stands out as a still-present menace. 
It is a disease of such fascination that one would 
be almost, but not quite, sorry to see it go. 
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THROMBOEMBOLISM * 


AComparison of the Effect of Early Postoperative Ambuiation and Dicumarol on Its Incidence 


James C. McCann, M.D., Pu.D. (Surc.)t 


WORCESTER, .MASSACHUSETTS 


HE brilliant contributions to the therapy of 

thromboembolism with venous interruption 
by Homans, Allen and their co-workers in Boston, 
with heparin by Jorpes and Bauer in Sweden, and 
with Dicumarol by Allen and Barker at the Mayo 
Clinic and Evans and Dee of the Lahey Clinic pose 
a practical problem in the selection and applica- 
tion of these methods that the community  sur- 
geon must resolve for himself. Prior to these defini- 
tive measures many so-called mechanical methods 
were used in the hope of reducing the incidence of 
this complication of surgery. 
The present report outlines personal observa- 
tions on the application of preventive therapy 
extending over several years. They are presented 
as Possibly having lessons of value for the com- 
munity surgeon. The several methods were applied 
to successive blocks of patients having at least 500 
each block. During the year 1944 all patients 
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Hospital. 


(674) were kept in bed for the traditional ten-day 
postoperative period; there were 18 cases of throm- 
botic complications, a rate of 2.7 per cent, with 
1 death from embolism. In 1945 the patients (640) 
were permitted ambulation to the extent of 85 per 
cent of the group on the first to the third day; there 
were 15 thrombotic complications, a rate of 2.3 
per cent, with 2 deaths from embolism. In 1946 
the patients (504) were allowed out of bed on the 
third to the seventh day, with 12 cases of thrombo- 
embolism, a rate of 2.3 per cent, and with no deaths 
from embolism. In 1948 the patients (525) either 
were permitted ambulation on the first to the third 
day or given Dicumarol prophylactically. An 
abrupt drop in the incidence of thrombotic com- 
plications occurred to the number of 8 cases, a rate 
of 1.5 per cent, with no deaths from embolism. 


Ten-Day Bep REstT 


During the year 1944 the patients (674) were 
kept in bed for ten days after operation. The 18 
cases of thrombotic manifestations (2.7 per cent) 
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showed the following regional distribution; 3 after 
gall-bladder surgery; 4 after pelvic surgery; 3 after 
appendectomies; and 3 after surface surgical pro- 
cedures (hernias and breast removals). The re- 
mainder were scattered through several types of 
procedures. They were never encountered after 
thyroid, rectal or pilonidal-cyst surgery. No emboli 
were observed after varicose-vein surgery. This 
group is not otherwise included in the percentages 
because of the difficulty of differentiating the usual 
postoperative disability of the wrapped sore leg 
due to multiple ligations, stripping and injections 
from a bona-fide thrombophlebitis. 

The occurrence of thrombotic complications in 
these bed-confined patients after operation brings 
to mind several of the many factors regarded as con- 
tributory to the lesion. This experience has oc- 
curred in the New England Atlantic Seaboard area, 
where statistically the lesion occurs more frequently 
than elsewhere in the country. This area also en- 
counters severe winters, which Favre notes is asso- 
ciated with a higher incidence of the disease, par- 
ticularly when influenza epidemics are prevalent. 
The existence of an intrinsic factor of preformed 
clots in the legs is well known. DeTakats has 
pointed out that 50 to 60 per cent of adults carry 
thrombi in the plantar veins or the calf veins of 
the muscles in the lower leg. Rossle indicates that 
27 per cent of persons over twenty years of age 
harbor such thrombi in the leg muscles. 


AMBULATION ON THE FIrRsT To THE THIRD Day 


An effort was made to control these factors dur- 
ing the year 1945, when ambulation was permitted 
for 85 per cent of the patients (640) on the first to 
the third postoperative day. Other factors were 
controlled. In consequence of Frykholm’s postulate 
that pressure of the calves on the bed caused trauma 
to the leg veins, with subsequent thrombosis, no 
pressure was allowed on the calf muscles from the 
minute the patient was placed on the operating 
table until after the first week of ambulation had 
passed. Paralleling the demonstration by Potts 
and Smith that a 250 per cent increase in blood 
flow in.the extremities of animals occurred with 
the legs elevated and exercised, the extremities of 
these patients were elevated for the first week. 
Active foot exercises were encouraged because this 
was so favorably evaluated by Allen, Adams and 
others. Following the interest of Walters in stimulat- 
ing the circulation by administration of desiccated 
thyroid, these patients received small doses of 
epinephrine in oil unless such therapy was con- 
traindicated. 

All reports on the effectiveness of such methods 
are not favorable, however. Smith noted an in- 


creased incidence of thrombotic complications after 
several measures, including active foot exercises. 
In this series despite all these measures, 15 throm- 
botic complications occurred —a rate of 2.3 per 
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cent. Nine of these occurred after surgery in the 
pelvis, and 2 after surface surgery; 4 were scattered 
through several other surgical procedures. 


AMBULATION ON THE THIRD TO THE SEVENTH Day 


There is controversy concerning what day of 
rising actually constitutes early ambulation. Cop. 
sequently, during. 1946 504 patients were allowed 
out of bed on a slightly delayed schedule, — the 
third to the seventh day, — which made pos- 
sible ambulation of 95 per cent of the group. Twelve 
cases of thromboembolism were encountered, a rate 
of 2.3 per cent, which reflects the same rate of in. 
cidence that previously prevailed. These occurred 
in 2 cases in the gall-bladder group, in 2 after pelvic 
surgery and in 6 after appendectomies (5 patients 
having peritonitis). 

The literature is confusing regarding the 
efficacy of ambulation in preventing intravascular 
clotting. Zava reported not a single embolus in 
15,000 surgical cases with early ambulation; Lei- 
thauser encountered only 4 deaths from embolism in 
15,000 cases so handled. However, Blodgett and 
others reported no reduction of thrombotic com- 
plications with early rising. Fine reported 5 cases 
of thrombophlebitis in one year with early ambula- 
tion. Failure to modify the rate of occurrence in 
the present study sustains the criticism of Allen, 
Linton and Donaldson that “it was felt that early 
ambulation might lower the incidence of throm- 
bosis and embolism. There is considerable evidence 
against it and little to support it.” 


Lim1TATIONS oF Earty AMBULATION 


Because many writers have manifested such en- 
thusiasm for the protective role of early ambula- 
tion against thrombotic complications, it was be- 
lieved that a selective review of failures of the 
method in this series would be instructive. Of a 
total of 13 thrombotic complications encountered 
despite the use of early rising, 8 occurred after am- 
bulation on the first postoperative day, 3 were en- 
countered after ambulation on the second post- 
operative day, and 2 were encountered after am- 
bulation on the third postoperative day. One of 
these patients died suddenly on the fifth post- 
operative day from a massive embolus (cor pul- 
monale was demonstrated by the electrocardiogram). 
An important point is that 60 per cent of these 
failures after early ambulation occurred in patients 
past fifty years of age. 


AMBULATION AND DicuMAROL REGIME 


In 1948 the first prophylactic use of Dicumarol 
was undertaken in combination with early ambula- 
tion (525 patients). Patients over whom no hes 
tancy was felt were out of bed on the first to the 
third day. This method selected the youngish, 
vigorous, nonobese, well conditioned surgical Pp 
tients in whom, presumably, thrombosis woul 
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be least likely to develop. The only cases of throm- 
posis encountered during the year occurred in this 
group (1.8 per cent). The second and smaller group 
of bed-confined patients, composed of older, more 
obese, more depleted and sicker patients for whom 
concern was entertained over early ambulation, 
were given Dicumarol prophylactically. They re- 
ceived 200 or 100 mg. as indicated to bring them 
‘nto a range of 40 to 50 per cent prothrombin index 
(24 to 29 seconds). They were kept in range until 
after the third day of active ambulation. No throm- 
hosis occurred in this group. This combined routine 

roduced a sharp drop in occurrence of the lesion 
to 8 cases in 525 patients, a rate of only 1.5 per cent. 
These were distributed as follows: 2 after surgery 
of the gall bladder; 2 after vaginal operations; and 
1 each after a stomach and a bowel operation. 

A few studies on prophylactic use of Dicumarol 
postoperatively have been reported. Barnes re- 
ports 832 hysterectomies with prophylaxis show- 
ing an incidence of thromboembolism in only 9 
cases, when 80 might have been expected without 
prophylaxis. There were no deaths from embolism. 
Bruzelius notes a reduction by two thirds in the 
incidence of thrombosis and embolism in 1448 pa- 
tients given Dicumarol prophylactically after opera- 
tion. Smith observed a reduction in the complica- 
tion after prophylactic administration of Dicumarol 
in gynecologic surgery. Wise and his associates re- 
port a rate of vascular complications of only 0.18 
per cent in 3304 patients treated prophylactically, 
as compared with 1.6 per cent in an untreated group. 
Allen, Linton and Donaldson report a 25 per cent 
reduction of thrombotic complications in a group 
treated prophylactically with Dicumarol as com- 
pared with an untreated control group. 


DicUMAROL-PROTECTED GROUP 


There were 62 out of the 525 patients (12 per cent) 
who were confined to bed and given Dicumarol 
prophylactically. On the basis of age, there were 30 
(about 50 per cent) over fifty years of age; 44 of 
them (about 70 per cent) were over forty years of 
age, and the remaining 30 per cent were twenty 
to forty years of age. 

With reference to the type of operation 29 were 
cholecystectomies, 12 were pelvic operations, 7 were 
resections, and 14 were miscellaneous procedures. 
These 48 cases in the three specified groups consti- 
tute an isolated group with a potentially high ex- 
posure rate to thrombotic complications. Pro- 
tection by means of Dicumarol reduced the over-all 
incidence of thrombosis to 1.5 per cent. This con- 
stitutes an indirect nonspecific method for isolat- 
ing patients most likely to have thrombotic compli- 
cations after operation. 


DistriBUTIVE Factors 


Two major factors have emerged from the study 
a Nee ° e ° » i 
8 of measurable significance in the occurrence of 
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thrombotic complications in usual community sur- 
gery — the age of the patient and the type of opera- 
tion. Allen and his co-workers previously found 
that only 5 to 7 per cent of thrombotic complica- 
tions occurred under thirty years of age, 12 per 
cent between thirty and forty years of age, and 80 
per cent over forty years of age. With reference to 
the type of operation Barker, in analyzing 172,888 
operations, found that the lesion occurred twice as 
frequently after laparotomies as in all types of 
operations, and three times as frequently after 
pelvic operations as after all other types of surgery. 
He reported an incidence of 4 per cent after pelvic 
operations, with a death rate from fatal embolism 
of 0.7 per cent. 

In the present study the cumulative evidence of 
several aspects of the problem establishes fifty years 


Operation Factor of Distribution (1944, 4945, 


1946, 1948). 


TABLE l. 











AREA No. oF THROMBOEMBOLISM 
Cases 
NO. OF PER- 

: CASES CENTAGE 
Upper abdomen: 

Gall bladder, ducts Ce ee 262 7 ey 

Stomach and spleen ............... 71 1 1.4 
Lower abdomen: 

PONIO eatet ok Getcha t ararevee, See osdnurants 4G 326 17 ey 

PEER Oe NGS kein onhe srw Sra eales 78 3 3.8 

Appendix and exploration .......... 513 10 Lo 
Vagina: 

RE ono o40.0 done onk Sle eRe oe 115 3 2.6 

WORRIES asa k 0 disle leee Sika Cinteoaies 255 a | PY 
Surface: 

(OCC LCC RE ae a 185 1 _ 

Rs oe ad oo ace orn areata ince ne AO 466 6 1 ey 

(Breast, hernia, thyroid gland) 

Rectal, pilonidal cyst ............2- 83 0 0 

RAEATEN Ss Media ate b2 a Ect Oa cael oe 2354 52 

BUESORES 5 ho v5 bo casa cent aeacares 2.2 

*Including cases of peritonitis; the rate was only 0.98 per cent if patients 
with peritonitis are excluded. 


of age as the critical point in a general surgical 
community practice after which thromboembolism 
assumes significant proportions. Of the patients 
permitted early ambulation exhibiting postopera- 
tive thromboembolism, 60 per cent were over fifty 
years of age; in the group with definite emboliza- 
tion, 78 per cent of patients were over fifty years 
of age, and of 5 patients with fatal emboli encoun- 
tered during this period 4, or 80 per cent, were 
over fifty years of age. A recalculation of figures 
indicates a projected incidence of thromboembolism 
in general surgery after fifty years of age at a rate 
of 4.1 per cent. A comparable figure after hysterec- 
tomies was considered a proper reason to use 
Dicumarol prophylactically at the Mayo Clinic. 
Might not the same criterion be considered ap- 
plicable to the surgical patient over fifty years of 
age in community practice? Charting the age dis- 
tribution for a typical year of community surgery 
indicates that active Dicumarol prophylaxis in 
patients over fifty would require its use in only a 
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third of the patients operated on during the year. 
Yet its protective role would be exerted on the two 
thirds of the patients most exposed to the threat 
of thromboembolism. 

The factor of the type of operation in the incidence 
of thromboembolism in this group seems clearly 
delineated by the cumulative group incidence for 
the entire 2354 cases observed during the four- 
year period (Table 1). In the pelvic group of 326 
cases representing 1 in every 7 operations the rate 
was 5.2 per cent; in the gall-bladder group of 262 
cases representing 1 in every 9 operations the rate 
was 2.7 per cent; in the 78 bowel operations repre- 
senting 1 in every 30 operations the rate was 3.8 
per cent; in the 513 arpendectomies representing 
1 in every 4 operations the rate was only 1.9 per 
cent, inclusive of the peritonitis cases, and only 
0.98 per cent when the cases of peritonitis are ex- 
cluded — a negligible incidence. 





EMBOLISM AND INFARCTION 


Despite the potential severity of symptoms arising 
in the extremities from the late local sequelae of 
thrombosis — chronic venous insufficiency with 
edema, varices, ulcers and indurative cellulitis — 
attention has been centered mostly on the dramatic 
and hazardous occurrence of embolization with 
infarction. The rate of embolization in 1945 with 
very early ambulation was 1.2 per cent; in 1946 
with delayed early ambulation it was 1.5 per cent; 
and in 1948 with the combined ambulation and 
Dicumarol regime the rate dropped to 0.76 per cent. 
As already stated 78 per cent of emboli occurred in 
patients over fifty years of age. Women were in- 
volved in 70 per cent of the cases, but this exactly 
parallels the 70 per cent preponderance of surgical 
procedures among women in a typical year of 
general surgery in a community. 

The fatal emboli, 5 in number, occurred with 1 
exception in patients over fifty years of age. This 
gives an over-all incidence of 1 in 563 cases. All 
patients died with a typical clinical episode of em- 
bolization; all had normal electrocardiograms pre- 
operatively, except 1 with moderate myocardial 
changes. One embolism was proved at autopsy 
(permission for autopsy was not obtained in the 
other cases), and | by an electrocardiographic tracing 
typical of cor pulmonale. Ali occurred in women 
who, with 1 exception, were obese. 


Discussion 


This study presents a continuing experience from 
1944 through 1948 in which, in successive blocks of 
500 or more patients, various methods were used 
to control thromboembolism. In the year 1947 
the problem was disregarded, and no personal bed- 
side notes were maintained on which the rest of the 
study is based. Hence the 1947 period is not in- 
cluded in the study. No effective reduction in the 
rate of thromboembolism was accomplished until 
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1948, when Dicumarol was used prophylactically 
in patients confined to bed who usually were ove; 
fifty years of age. 

The patients fifty years of age or over constitute 
a selected group in whom to study the efficacy of 
protection by Dicumarol. In addition to the 3p 
patients over fifty years so protected in 1948 more 
than 70 patients over fifty were so protected with 
a continuing study during 1949. Thus, more than 
100 patients over fifty years of age were kept en. 
tirely free from thromboembolic complications. 
From my experience during the full period of this 
study, 4 cases might well have been experienced jp 
this group. All other methods of management have 
been essentially the same, except that there has 
been a shift toward more use of cyclopropane and 
curare for anesthesia. However, a breakdown of 
the groups previously had shown no particular 
relation to the type of anesthesia used, thrombotic 
complications occurring with all types. The same 
preoperative and postoperative management of the 
patients prevailed. Ambulation has always meant 
active walking by the patient, beginning with two 
short periods a day after operation as indicated 
in the yearly groups, and rapidly increasing until 
the patient is walking around the hospital corridors 
by the fifth or sixth postoperative day. Sitting ina 
chair was not permitted, in line with current opinion 
in such studies. 

The use of Dicumarol has been without untoward 
incidents since the range for protection was estab- 
lished between 40 to 50 per cent prothrombin index. 
The determinations in the laboratory are dependable 
and are available at all times, including week ends 
and holidays. Otherwise, hesitancy would be felt 
in administering successive doses of the drug be- 
cause of the possibility of sensitivity. Sensitivity 
in the patients over fifty years of age was controlled 
by restriction of initial doses to 200 mg. from fifty 
to sixty years of age, 100 mg. from sixty to seventy 
years of age, and 50 mg. after seventy years of 
age. When sensitivity was ruled out, regular doses 
of 100 mg. were administered. A total average 
dose of 500 to 800 mg. was administered over all 
age groups until the patients were vigorously 
ambulatory by the fifth to sixth days. The pa- 
tients were then permitted to come out of range 
spontaneously. Hykinone (72 mg.) was adminis- 
tered in one or more doses as needed in elderly 
patients whose prothrombin index dropped below 
40 per cent, to patients who were not out of 
range at the time of discharge, and to patients 
whom blood leaked from the operative field. No 
significant bleeding was encountered in the group 
with the routine administration of the drug begun 
on the second postoperative day. With a lower level 
established at 30 per cent prothrombin index dur 
ing the initial period of the study, serious bleeding 
from the operative field requiring transfusion was 
encountered. For this reason the prophylactic level 
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of 40 to 50 per cent prothrombin index was arbi- 
trarily established, and no significant bleeding has 
been encountered with blood levels in this range. 


SUMMARY 


A continuing four-year study on control of post- 
operative thromboembolism showed failure to mod- 
ify the rate of incidence of the lesion except with 
the adoption of Dicumarol prophylaxis. 

The incidence of thrombosis was a fairly constant 
figure of about 2.5 per cent with ten days of bed 
rest (1944), with ambulation on the first to the 
third day (1945), with ambulation on the third 
to the seventh day (1946) and with supplemental 
use of position, exercises and circulatory stimula- 
tion. Usually 1 or 2 deaths from massive embolism 
occurred each year. 

Thirteen cases of thromboembolism were en- 
countered in patients permitted ambulation from 
the first to the third day postoperatively. One died 
from massive embolism on the fifth postoperative 
day. She had not been confined to bed preopera- 
tively. 

The preponderant incidence of the lesion in com- 
munity surgery as indicated by this analysis is 
among the patients over fifty years of age, par- 
ticularly after pelvic, gall-bladder or bowel surgery. 

When Dicumarol was administered prophy- 
lactically (1948) to all patients not permitted am- 
bulation on the first to the third day, the rate of 
thromboembolism dropped sharply to 1.5 per cent, 
with no deaths from embolism. 


THROMBOEMBOLISM — McCANN 





207 





BIBLIOGRAPHY 
Allen, A. W., Linton, R. R., and Donaldson, G. A. Thrombosis and 


embolism: review of 202 patients treated by femoral vein inter- 
ruption. Ann. Surg. 118:728-740, 1943. 


Idem. Venous thrombosis and pulmonary embolism: further experience 
with thrombectomy and femoral vein interruption. J. 4. M. A. 


128:397-403, 1945. 


Idem. Venous thrombosis and pulmonary embolism. J. 4. M. A. 133: 
1268-1276, 1947. 


Allen, E. V. Clinical use of anticoagulants: report of treatment with 
—" in 1,686 postoperative cases. J. 4. M. A. 134:323-329, 


—— W. Use of dicumarol in surgery. Minnesota Med. 27:102-106, 


Barker, N. W., Nygaard, K. K., Walters, W., and Priestly, J. T. Statis- 
tical study of postoperative venous thrombosis and pulmonary 
embolism: time of occurrence during postoperative period. Proc. 
Staff Meet., Mayo Clin. 16:17-21, 1941. 

Barnes, A. C., and Ervin, H. H. Effect of anticoagulants on post-partum 
bleeding. Surg., Gynec. §9 Obst. 82:528-530, 1936. 

Blodgett, J. B. Early ambulation following surgical procedures. Bull. 
New York Acad. Med. 25:176-184, 1949. 

Blodgett, J. B., and Beatie, E. J. Early postoperative rising: statistical 
study of hospital complications, Surg., Gynec. &9 Obst. 82:485-489, 
1946. 


deTakats, i a Fowler, E. Problem of thromboembolism. Surgery 17: 
153-177, sy 

Faure, J. L. Discussion of Morice, M. A. Du traitement préventif des 
phlébites aprés hystérectomies pour fibromes par les autovaccins. 
Bull. et mém. Soc. nat. de chir. de Paris 53:517-524, 1927. 

Fine, J., and Starr, A. Surgical therapy of thrombosis of deep veins of * 
lower extremities. Surgery 17:232-239, 1945. 

Frykholm, R. Pathogenesis and mechanical prophylaxis of venous throm- 
bosis. Surg., Gynec. &F Obst. 71:307-312, 1940. 

Leithauser, D. J., and Bergo, H. L. Early rising and ambulatory activity 
after operation: means of preventing complications. Arch. Surg. 
42:1086-1093,1941. 

Potts, W. J., and Smith, S, Pulmonary embolism: experimental study 
of variations in volume blood flow in inferior vena cava of dog. 
Arch. Surg. 42:661-664, 1941. 

Réssle, R. Uber die Bedeutung und die Entstehung der Wadenvenen- 
thrombosen. Virchows Arch. f. path. Anat. 300:180-189, 1937. 
Smith, G. V., and Mulligan, W. G. Dicumarol prophylaxis against venous 
thrombosis in women undergoing surgery. Surg., Gynec. &9 Obst. 

86:461-464, 1948. 

Wise, W. D., Loker, F. F., and Brambel, C. E. Effectiveness of dicumarol 
prophylaxis against thromboembolic complications following major 
surgery: four year survey: 3,304 cases. Surg., Gynec. & Obst. 88: 
486-494, 1949, 

Zava, L. Sui vantaggi del levar precoce degli operati. Policlinico (sez. 
prat.) 47:865-872, 1940. 




















































THE NEW ENGLAND JOURNAL OF MEDICINE 
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BOSTON 


ITHIN the past decade the medical profes- 

sion has become keenly aware of the danger of 
thromboembolic disease. First considered to be 
largely a postoperative complication, this condition 
is now realized to be actually more prevalent among 
medical patients.! Over half these patients suffer 
from heart disease, particularly congestive failure.’ 


TaBLeE 1. Types of Heart Disease Encountered. 








Controt Group DicuMARoL-TREATED 
ROUP 


NO. OF PATIENTS 


Tyre or Heart DIsEAsE 


NO. OF PATIENTS 


ee) ee eee ee 26 24 
AgberObclerOtic . .. 566 ss cece se 41 27 
Oe eee ee ee 32 27 
DEiacrilancous. ..... 0.000 scsesass 1 2 

100 80 





Routine autopsies on patients in the middle to 
older age groups have revealed a rather staggering 
incidence of thrombosis. Rossle* and Hunter et al.‘ 
report an incidence of 27.0 and 52.7 per cent re- 
spectively of thrombophlebitis. These deep thrombi 
are without question responsible for the great 
majority of pulmonary emboli. 

Why are patients with congestive heart failure 
liable to thromboembolic phenomena? There seem 


emboli is appreciably greater in such patients than 
in patients without heart disease.® 

In the management of thromboembolic disease 
the difficulty rests not so much with therapy as 
with diagnosis. Unfortunately, a serious hiatys 
exists between clinical ability to recognize throm. 
bosis and embolism and its actual incidence a; 
demonstrated by post-mortem examination. As 
it is only too clear from the present study, patients 
will die from thromboembolic disease despite close 
clinical surveillance. Prophylactic anticoagulant 
therapy seems to provide the only safeguard against 
this serious complication of congestive failure. The 
present study was undertaken to determine the 
safety of Dicumarol in this group of patients and 
its effectiveness in preventing thromboembolic 
disease. 


MATERIALS AND METHODs 


During the past three years patients with con- 
gestive heart failure, irrespective of the heart 
disease, were placed on Dicumarol therapy or in a 
control group depending on whether their hospital 
admission was on an even or an odd day. Although 
this routine was adhered to in general, as the study 
progressed a greater number of patients were cdl- 
lected in the control group. Toward the end of 
the study all patients were placed on Dicumarol 


TaBLe 2. Evidence of Congestive Heart Failure. 














Group Incipence IncimeNce INCIDENCE 
OF OF or HiLrar 
Dyspnea RALEs CONGESTION 
% % % 
Control patients ......... 99 88 91 
Dicumarol-treated patients 99 89 92 


IncipENCE INCIDENCE AVERAGE IncipENCE INCIDENCE 
OF or Carpiac INCREASE IN or HEp- OF 

Hypro- Entarce- Heart Size ATOMEGALY EpDEMA 
THORAX MENT py X-Ray 
EXAMINA- 

TION 

% % % % % 

57 96 32 80 80 

56 98 35 76 80 





*Normal, 50-150 mm. 
tArm-to-tongue method. 


to be a number of contributing factors: bed con- 
finement, stasis of blood in dependent edematous 
legs and perhaps damage to the venous endothelium 
from pressure and anoxia. In these patients the 
effect of the emboli is exaggerated by the already 
critical circulatory status. The mortality from 


*From the Medical Clinic, Peter Bent Brigham Hospital, and the 

Department of Medicine, Harvard Medical School. 
This work was aided in part by a grant from the Theodore Clarence 

Hollander Fund. 

Research fellow in medicine, Harvard Medical School; assistant in 
medicine, Peter Bent Brigham Hospital. 

tFormerly, associate in medicine, Harvard Medical School; associate 
in medicine, Peter Bent Brigham Hospital. 


therapy to even the two groups numerically. The 
workup in the majority of patients included, in 
addition to routine studies, venous pressure, cif 
culation time, vital capacity, heart film and fluoro 
copy, and daily examination of the calves for pos 
sible signs of thrombophlebitis. 

A group of 80 Dicumarol-treated patients and 
100 control patients with congestive heart failure 
have been included in this study. The Dicumarol 
group represents 1725 hospital days, or an average 
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of 22 days per patient. The control group repre- 
sents 1914 patient hospital days, or an average of 
19 days per patient. In the Dicumarol group 62 
per cent were men, and 38 per cent women. In the 
control group there were 61 per cent men and 39 
per cent women. The age distribution, type of 
heart disease and frequency of the manifestations 
of congestive failure in the two groups are shown 
‘) Tables 1, 2 and 3. The similarity of the two 
groups of patients is evident. 

Only complications that were thought to occur 
during hospitalization were included. Patients 


Taste 3. Age Distribution of Patients with Thromboembolic 








Complications. 
DEcaDE Controt Group DicuMAROL-TREATED 
Group 
NO. OF NO. OF NO. OF NO. OF 
PATIENTS COMPLICATIONS PATIENTS COMPLICATIONS 

(ee 2 2 1 aig 
3rd . 5 2 4 — 
4th . 17 4 15 — 
ee 27 6 23 2 
een 28 3 19 2 
7th . 19 6 17 —_ 
8th . 7 —_ 1 aS 





with a history or physical findings of thrombo- 
embolic disease at the time of admission to the hos- 
pital were excluded from both series. In 2 cases 
unsuspected pulmonary emboli that antedated 
hospital admission were found at autopsy. In these 
cases, although the deaths were regarded as com- 
plications, the pulmonary emboli were not included 
since they did not occur during the period of hos- 
pitalization. Patients dying within forty-eight 
hours of admission and patients in failure because 
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tempt was made to regulate prothrombin time at 
approximately 30 per cent. Prothrombin deter- 
mination was performed according to Quick’s 
method. A 20 per cent dilution was also made on 
each serum, and its prothrombin content deter- 
mined. Daily prothrombin determinations were 
made throughout the period of Dicumarol therapy. 
Whenever there was evidence of thrombophlebitis 


TaBLeE 4. Analysis of Complications. 








Group Tota Deatus Cases or Cases or CASES OF 
No. or Unre- Turomso- Putmo- ARTERIAL 
DEATHS LATEDTO PHLEBITIS NARY Em- EMBOLISM 
THROMBO- BOLISM 
EMBOLIC 
DISEASE 
wets patients 17(17%) 8 (8%) 8 (8%) 15(15%)F 1(1%) 
) 
Dicumarol-treated 7 (9%) 7 (9%) 2(2.5%)* 2(2.5%)t 1(1%) 


patients (80) 





*One questionable case included. 
+Two questionable cases included. 


or pulmonary embolism in the control group, 
prompt anticoagulant therapy was instituted. 


RESULTS 


Thromboembolic Complications and Deaths 


In the control group of 100 patients there were 
13 pulmonary emboli, 8 of which were proved at 
autopsy. In addition, 2 questionable cases were 
present. In the treated group of 80 patients only 
2 questionable cases of pulmonary emboli occurred. 
Thrombophlebitis complicated 8 cases of the con- 
trol series (4 demonstrated pathologically) as com- 


TABLE 2 (Continued). 








Group INCIDENCE AVERAGE VENOUS INCIDENCE AVERAGE AVERAGE AVERAGE AVERAGE 
OF PRESSURE* OF CircuLa- WEIGHT VITAL INITIAL 
ELEVATED PROLONGED TION Lost IN Capacity Pro- 
VENOUS CircuLaTion TimMet HospiTat THROMBIN 
PRESSURE TIME 
% mm. of saline solution % Set. kg. cc. % 
Control patients ............. 66 190 89 31 5.8 1500 77 
Dicumarol-treated patients ... 67 192 87 31 5.0 1470 76 





of an acute myocardial infarct were excluded from 
the study. 
Patients who were to receive Dicumarol had a 


prothrombin determination before the onset of 
therapy. During the first part of the study only 
patients whose prothrombin levels were above 60 


per cent were used; later it was found that patients 
with lower levels could be safely treated. With an 
original prothrombin index of over 60 per cent, 
the initial dose of Dicumarol was 200 mg. An at- 


pared with 1 definite and 1 questionable case 
in the Dicumarol-treated group (Table 4). 

There was a total mortality during hospitaliza- 
tion of 17 per cent in the control group and 9 per 
cent in the Dicumarol-treated group. It was of 
considerable interest that 8 of the deaths among 
the controls were believed, on the basis of the 
autopsy examination, to have been due to pul- 
monary embolism, whereas in the patients given 
Dicumarol none of the deaths were believed to 
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be due to embolism (Table 4). The chief causes of 
death in each group are listed in Table 5. It will 
be seen that the deaths unrelated to thrombo- 
embolic disease are quite similar in the two groups. 
Expressed as complications per 1000 hospital days 










































TaBLe 5. Analysis of Fatal Cases. 








Cuier Cause or DEATH No. or No. oF AUTOPSIES 
Controt Dicv- 
CASES MAROL- 
TREATED 
Cases 
CONTROL _—iDICU- 
CASES MAROL- 
TREATED 
CASES 
Pulmonary embolism ........ 8 ~- 8 ae 
Progressive heart failure ..... 5 3 2 1 
et 2 2 2 2 
Myocardial infarct .......... 1 2 1 1 
Rheumatic myocarditis ...... 1 1 


Pulmonary embolism ........ 





the same striking difference between the two groups 
is evident (Fig. 1). 

In a review of the patients with thromboembolic 
complications in the control group, an average 
initial prothrombin determination of 91.4 per cent 
was found. In the remaining group of uncompli- 
cated cases the average figure was 70 per cent. 

Approximately half the patients in each group 
were on digitalis and the other half on Digitoxin. 





[-]-controt Group 
—DICUMAROL GROUP 


1G. 


TOTAL UNRELATED THROMBO- 
DEATHS DEATHS PHLEB 


=) 
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a 
ee 


NUMBER OF COMPLICATIONS 
PER 1000 HOSPITAL Days 




















PULMONARY 
ITIS EMBOLI 


Ficure 1. Complications and Deaths among Control Group 
and among Patients Given Dicumarol. 


There was no correlation of the type of cardiac 
glycoside used with the occurrence of thrombo- 
embolic complication. 


Dicumarol Administration 


It was evident that some of the patients in the 
Dicumarol-treated group had serious liver dys- 
function as shown by hepatomegaly, impaired 
bromsulfalein clearance and low prothrombin levels. 
It was anticipated that Dicumarol requirements 
might be rather small. The group of 80 treated 








patients required an average of 68 mg. per day, 
Prothrombin levels were kept at approxiiiately 30 
per cent — somewhat higher than is thought neces. 
sary in the treatment of thromboembolic disease. 
During the total period of hospitalization the pro. 
thrombin level of the Dicumarol-treated patients 
was below 50 per cent 71 per cent of the time, and 
below 30 per cent 55 per cent of the time. Unde; 
such conditions no serious difficulty from hemor: 
rhage was encountered. There were 4 cases of minor 
bleeding, including epistaxis, hematuria, melena and 
hemoptysis. In no case was vitamin K, or blood 
transfusion necessary. 


Discussion 


The tkerapeutic efficacy of Dicumarol in the 
treatment of thromboembolic disease has been well 
demonstrated. Recently, favorable reports of its 
prophylactic use in myocardial infarction and in 
congestive failure have been published.** Of par- 
ticular interest is the co-operative clinic report of 
800 cases of myocardial infarction in which there 
was a third less mortality in the treated group and 
half the thromboembolic manifestations. It would 
be of interest to know from this large series if pa- 
tients with congestive heart failure in addition to 
myocardial infarction represented the key group 
receiving most benefit from anticoagulant therapy.’ 
In 61 patients with congestive heart failure treated 
by Wishart and Chapman’ the incidence of pul- 
monary emboli was 6.5 per cent, with only 1 death, 
which was questionably attributed to embolism. 
Sixty-one cases are also reported by Anderson and 
Hull® along with 58 controls. The mortality ob- 
served was 11 per cent in their treated group and 
18 per cent in their control group. It appeared 
likely that 2 patients in the treated group died of 
embolism. 

In the present study it is impressive that as the 
probable result of pulmonary embolism, 8 pa- 
tients in the control group died as compared with 
none in the Dicumarol-treated group. The greater 
number of autopsies in the control group might 
appear to weight the series. However, the fact that 
these emboli appeared to be responsible for the 
patients’ deaths is evidence against this. It is also 
likely that there would have been other deaths in 
the control series had not prompt treatment been 
instituted on the appearance of signs and symptoms 
of thromboembolic disease. When the complica 
tions are related to hospital days, essentially the 
same relations are maintained — that is, twice the 
mortality and five times the incidence of pul- 
monary embolism (Fig. 1). 

The importance of the state of coagulability of 
the blood is indicated by the higher average pr 
thrombin level in patients in whom thrombo 
embolic disease developed. One might assume that 
a prothrombin level of less than 50 per cent, whether 
due to Dicumarol or occurring spontaneously, 
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would protect a patient against thromboembolic 
In reviewing the data from this stand- 
point one finds a 4 per cent incidence of complica- 
tions in the “protected” group and a 36.5 per cent 
incidence in the “unprotected” group. It has been 
our belief that in prophylaxis of thromboembolic 
disease, a prothrombin level of 30 to 50 per cent 
may be quite satisfactory. This increases the 
safety of prothrombin administration. Should 
serious hemorrhage occur, it should be pointed out 
that the only vitamin K preparations that are effec- 
tive in causing a rapid return of prothrombin to 
normal are vitamin K, and K, oxide.® 


disease. 


SUMMARY 


One hundred and eighty patients with congestive 
heart failure were studied. Eighty received Dicu- 
marol. and a control group of 100 did not. The 
groups were similar in types of heart disease, age 
distribution and severity of heart failure. 

It is the impression’ from this study that Dicu- 
marol can be safely administered to such a group 
of patients, provided the usual precautions are 
taken. 

The mortality in the Dicumarol-treated group 
was approximately half that of the control group. 
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The difference appeared to be due to the absence 
of fatal embolic complications in the former. 

The data presented suggest that Dicumarol re- 
sulted in a significant reduction in thromboembolic 
disease and thus decreased the mortality in patients 
hospitalized with congestive failure. 
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ANTAGONISM OF DICUMAROL BY VITAMIN K PREPARATIONS* 


R. Mitier, A.B.,— W. Proctor Harvey, M.D.,f anp Ciement A. Fincnu, M.D§ 


BOSTON 


ICUMAROL is of proved value in the pro- 
phylaxis and treatment of thromboembolic 
disease. In recent years it has come into general 
clinical usage. The narrow margin between a clini- 
cally effective prothrombin level and the prothrom- 
bin level at which bleeding occurs imposes a certain 
hazard in treatment. Even with the most careful 
management of Dicumarol therapy, an unsuspected 
complication such as an asymptomatic peptic ulcer 
may result in fatal hemorrhage. The literature 
attests the seriousness of such bleeding in patients 
treated with Dicumarol.!-4 
In event of hemorrhage it is of the utmost im- 
portance to remedy quickly the coagulation defect 
produced by Dicumarol. The two measures recom- 
mended for this purpose are the administration of 
vitamin K preparations and blood transfusion. The 
literature suggests that synthetic vitamin K_ prep- 
arations are effective when given intravenously in 
large doses.7 The recent observations of James 
et al.* and our personal experience in the treatment 


ae , Baie : : 
‘ Fr im the Medical Clinic, Peter Bent Brigham Hospital, and the De- 
P Fo. f Medicine, Harvard Medical School. 
ag ¥; research assistant in hematology, Harvard Medical School. 
edie _ fellow in cardiology, Harvard Medical School; assistant in 
icine, Peter Bent Brigham Hospital. 
FP ne “3 ‘© professor. of medicine, University of Washington Medical 
Meds. ittle, Washington; formerly, associate in medicine, Harvard 
oo * ol, and associate in medicine, Peter Bent Brigham Hospital. 





of patients cast doubt on this. Accordingly, the 
potency of various vitamin K preparations in an- 
tagonizing the action of Dicumarol was studied in 
animals and man under controlled conditions. 


MaTERIALs AND METHODS 


Dicumarol dissolved in alkaline solution was 
administered intraperitoneally in rats and intra- 
venously in dogs. In the animal experiments the 
parenteral route was chosen to exclude possible 
variations in intestinal absorption. In human sub- 
jects the Dicumarol was administered by mouth. 
The following vitamin K preparations{| were as- 
sayed: vitamin K, (2-methyl-3 phytyl-l, 4-naph- 
thoquinone), vitamin K, oxide, menadione (2 methyl- 
1, 4 naphthoquinone), menadione bisulfite (Hy- 
kinone) and Synkayvite (2-methyl-l1, 4 naphtho- 
hydroquinone diphosphoric ester tetra-sodium salt). 

The prothrombic activity was determined by the 
one-stage method of Quick.|| Daily control bloods 
were drawn from a single normal dog for the data 


These various preparations were kindly supplied by the following com- 
panies: vitamin Ki and Ki oxide by Merck and Company, Incorporated, 
Rahway, New Jersey; menadione by Eli Lilly Research Laboratories, 
Indianapolis, Indiana; Hykinone by Abbott Research Laboratories, North 
Chicago, Illinois; and Synkayvite by Hoffmann-LaRoche, Incorporated, 
Nutley, New Jersey. 

|!Thromboplastin was kindly supplied by the Maltine Company. 






































































reported on animals in Table 1 and from 1 of 4 
normal volunteers for the clinical studies (Table 
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studies. 
In experiments using rats, groups of 
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prothrombin determinations, 20 per cent saline 
dilutions and 12.5 per cent dilutions with plasma 
treated with barium sulfate were also performed. 
These determinations, however, were consistent 
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Ficure 1. Assay of Vitamin K Preparation in a Dog. 


with the undiluted prothrombin values and are 
therefore not included in the report. The prothrom- 
bin percentage was calculated from experimentally 
determined curves using plasma treatment barium 





2). Prothrombin times are expressed both in seconds t animals 
and in percentage. In addition to the undiluted were given intraperitoneal injections o| either 5 
TaBLe 1. Effect of Vitamin K Preparations on Dicumarol-Induced Hypoprothrombinemia in Dogs.* 
ViTAMIN AMOUNT PROTHROMBIN TIME PROTHROMBIN TIME 
PREPARATION 
INITIAL 4-HR. 8-HR. 24-HR. 48-HR. INITIAL 4-HR. 8-HR. 24-HR, 48-nR 
mg. Sec. Sec. Sec. Sec. sec Q % % % % ; 
Intravenous administration: 
Ki 6 44.5 41.0 -— 18.0 21.0 <5 <5 — 5-10 5-10 
Ki 4 30.0 22.5 25.0 14.5 18.0 <5 <5 5 10 5-10 
Ki 60 22.0 — 11.5 8.0 8.0 5 — 20 60 “60 
Ki heey : 60 25.5 — 12.0 7.8 8.0 <5 — 20 70 60 
Re Oxsde < ...,..< 4 27.0 $125 25.5 21.0 20.0 <5 <5 <5 5 5 
Ki oxide ...... 3 50.0 61.0 DS; 51.0 63.0 <5 <5 <5 <5 < 
Ki oxide ....... 60 63.0 —_ 88.0 26.0 26.0 <5 — 5 <5 < 
Raoxde.. .....< 60 22.0 — — 12.0 14.5 5 _— — 20 i0 
Hykinone ..... 6 20.0 17.0 23.0 i7.5 — 5 5-10 5 5-10 zs 
Hykinone ..... 60 36.0 _— — 32.0 44.5 <5 -- —_— <5 < 
Hykinone ..... 200 24.0 _ Z3.5 26.0 102.0 <5 — <5 <5 Ps 
Hykinone 200 32.0 —t —t 38.5 27.0 <5 -- 0 <5 < 
Hykinone ..... 864 33.5 42.0 38.0 70.5 63.0 5 <5 <5 <5 <5 
Hykinone ..... 1000 20.0 21.0 17.0 21.0 22.0 5 5 5 5 5 
Synkayvite .... 6 11.0 11.5 18.0 14.0 ~- 15 15 5-10 10 leit 
Synkayvite .... 60 45.0 46.0 59.0 66.0 72.5 <5 <5 <5 <5 <5 
Synkayvite .... 200 46.5 78.0 76.0 240.0 87.5 <5 <5 <5 <5 < 
Oral administration: 
See ee 60 18.0 11.0 15 10.0 18.0 5-10 20 70 20 5-10 
See eee 60 39.0 10.0 10.0 8.0 12.0 <5 20 20 60 15 
Ks oxide ....... 60 24.0 33.0 30.5 18.5 20.0 5 <5 <5 5-10 5 
Ba onrdle....... 60 i275 70.0 70.0 46.5 46.5 <5 <5 <5 <5 <s 
Hykinone ..... 1000 19.0 22.0 26.0 28.0 23.0 5 5 <5 <5 < 
Synkayvite .... 1000 21.0 27.0 29.0 43.5 51.0 5 <5 <5 <5 3 
Menadione..... 1000 23.0 24.5 23.0 37.0 23.0 <5 <5 <5 <5 <5 
*All dogs were maintained on 6 mg. of Dicumarol a day throughout the experimental period. The control prothrombin time was 7-8 sec. 


or 20 mg. of Dicumarol in addition to amounts of 
vitamin K preparations varying from 1 to 50 mg. 
A single blood sample was drawn at twenty-four 
hours by cardiac puncture for determination of 
prothrombin times and compared with values ob- 
tained in normal animals. 

The studies on dogs and man were designed to 
overcome possible criticism inherent in some previous 
reports. The animals and patients were maintained 
on a given dose of Dicumarol through the period 
of study. Reasonably stable prothrombin levels 
were obtained on the three days preceding the 
administration of vitamin K. The same dose of 
Dicumarol was continued daily after the injection 
of vitamin K. Thus, any appreciable change in 
prothrombin times could be attributed to the 
preparation assayed (Fig. 1). In the clinical studies 
a daily Dicumarol dose about 25 mg. in excess of 
the previous maintenance dose was employed. 

In dogs the oral preparations were given in cap- 
sules or by stomach tube. Menadione was dis- 
solved in cotton-seed oil and mixed with milk. All 
preparations with the exception of menadione were 
given intravenously to dogs. In man the com- 
pounds were given orally and intravenously, 4 
indicated in Table 2. Vitamin K, and K, oxide 
were given by mouth in gelatin capsules. When 
given parenterally they were prepared as previously 
described® by dissolving in 1 to 4 cc. of ethyl al 
cohol, this mixture being added to 200 to 500 cc. 
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of 5 per cent glucose solution to form a fine colloidal 
suspension. Sterilization was accomplished by 
previous Seitz filtration. These preparations were 
siven intravenously over a period of fifteen to 
thirty minutes. Since vitamin K, is light sensitive, 
recautions were taken to keep it from exposure 
to light during its preparation and administration. 
A certain amount of vitamin K, and a smaller 
amount of vitamin K, oxide precipitated on the 
sides of the flask, so that actual doses administered 
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effective when given intravenously and, in doses of 
ten times the daily Dicumarol dose, brought the 
prothrombic activity of the blood to well above 
bleeding levels. In contrast to the above compounds, 
the vitamin K preparations without the phytyl 
side chain—that is, Hykinone, Synkayvite and 
menadione — in doses from 6 to 1000 mg. intra- 
venously or by mouth had no demonstrable ability 
to lower the prothrombin time. Toxic manifesta- 
tions were observed with doses of menadione bi- 


TasLeE 2. Effect of Vitamin K Preparations on Dicumarol-Induced Hypoprothrombinemia in Man. 








—— 
DicuMAROL VITAMIN AMOUNT PROTHROMBIN TIME PROTHROMBIN TIME 
DosaGE PREPARATION 
CONTROL O-HR. 4-HR. 8-HR. 24-Hr. 48-HR. O-ur. 4-nHR. 8-HR, 24-ur. 48-nHR. 
mg. [day mg. Sec. Sec. Sec. SEC. Sec. Sec. % q % q %, 
Intravenous administration: 
Bees. Ki 500 15 29 23 22.0 16 20 30 35 90 
ib0 ew Ki 1000 16-17 32 25 20.0 17 17 20 35 45 100 95 
i ee Ki 1000 16-17 52 28 22.0 17 16 10 25 35 80 100 
eee Ki oxide 500 16-17 38 40 26.0 21 15 15 30 50 
Mee Ki oxide 1000 15-16 60 50 36.0 23 17 10 10 15 40 95 
ae Hykinone 60 16 27 26 25.0 17 25 30 30 90 
et ee Hykinone 250 15 60 62 61.0 41 10 10 10 10 
eee Hykinone 288 16 29 34 = 27 20 15 20 
HB din Hykinone 1000 15 41 48 43.0 37 10 10 10 10 
Pay dt = 1%, Hykinone 64 10 28 32 31 (12 hr.) 31 26 20 18 19(12hr.) 18 21 
St ee Hykinone 64 10 25 28 28 (12 hr.) 24 18 22 20 20(12hr.) 23 30 
Oral administration: 
- eee Ki 500 15-17 25 27 20.0 16 17 30 25 60 90 100 
BO a:8 Ki 1000 17 30 23 20.0 17 25 45 75 100 
100 .. Ki 1000 15-16 30 30 25.0 18 20 15 15 25 80 60 
50. Ki oxide 500 16 48 48 42.0 28 10 10 10 25 
50 Ki oxide 1000 15-16 45 44 27.5 20 10 10 25 60 90 
50 Ki oxide 1000 15-16 31 29 24.0 19 17 15 20 30 30 .90 





were somewhat smaller than the figures recorded 


in Tables 1 and 2. 


REsULTs 


Results of studies on about 20 groups of 4 rats 
are briefly summarized. The intraperitoneal in- 
jection of 5 mg. of Dicumarol caused a prolongation 
of prothrombin time twenty-four hours later from 
the normal of 13 to 15 seconds to an average of 
35 seconds. Five milligrams of vitamin K, or Ky, 
oxide, when injected intraperitoneally with the 
Dicumarol, reduced the prothrombin time to 
between 15 and 20 seconds. Water-soluble vitamin 
K preparations resulted in prothrombin times 
ranging from 19 to 35 seconds. It was of interest 
that increasing the amounts of these water soluble 
preparations (menadione bisulfite and Synkayvite) 
up to 50 mg. did not exert a greater effect than 
the 5 mg. When the dose of Dicumarol was in- 
creased to 20 mg., control rats died of pericardial 
hemorrhage. Rats given 5 to 20 mg. of vitamin 
K, and K, oxide survived and showed prothrombin 
times varying from 15 to 35 seconds. Rats given 
20 mg. of Hykinone or Synkayvite usually died of 
pericardial hemorrhage or, if surviving, showed 
greatly prolonged prothrombin times. 

More extensive studies were then performed on 
dogs (‘Table 1). A typical assay is shown in Fig- 
ure]. Both vitamin K, and K, oxide were effective 
In reducing prothrombin times in dogs maintained 
on Dicvmarol. Vitamin K, appeared to be the more 


sulfite of 1000 mg. and with amounts of Synkayvite 
above 250 mg. Oral administrations of these com- 
pounds likewise showed definite activity by both 
vitamin K, and K, oxide but no effect with the other 
preparations. However, the prothrombin increase 
produced by vitamin K, and K, oxide orally was 
less marked and more transient than equivalent 
doses given intravenously. 

It was possible to conduct the same type of assay 
clinically in patients receiving Dicumarol for pro- 
phylactic reasons. In Table 2 the dose of Dicumarol 
on which the patients were stabilized is recorded. 
The same dose was maintained after the vitamin 
K preparation had been given. Both vitamin K, 
and K, oxide were effective in doses of 500 to 1000 
mg., and no toxic reactions were observed. Vitamin 
K, was more potent than vitamin K, oxide. In 
general, the water-soluble vitamin K preparations 
were without effect. Although 1 patient on 50 mg. 
of Dicumarol per day appeared to respond to in- 
travenous injection of 60 mg. of menadione bi- 
sulfite, no definite response was observed in other 
patients given amounts of menadione bisulfite from 
64 to 1000 mg. Oral administration of these com- 
pounds gave results comparable to previous ob- 
servations in animals. 


Discussion 


Water-soluble synthetic vitamin K preparations 
have been referred to frequently in clinical articles 
as an effective means of counteracting Dicumarol 
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toxicity.*-7 This is based on two types of evidence: 
the first is that these preparations are effective 
when very small amounts of the anticoagulant are 
given.!% 1! Secondly, menadione bisulfite in many 
cases unquestionably accelerates the return of the 
prothrombin time to normal after Dicumarol has 
been stopped. This was clearly demonstrated by 
Cromer and Barker.” It is of interest that their 
patients had not received Dicumarol for twenty- 
four to forty-eight hours before the menadione 
bisulfite was given and also that the average pro- 
thrombin time did not appear to rise above 50 
per cent for several days after the administration 
of the menadione bisulfite intravenously. Sub- 
sequent clinical observations suggest that the an- 
tagonistic effect of much larger doses of the same 
preparation was almost negligible, and certainly 
inadequate to meet the emergency of hemorrhage 
caused by Dicumarol.® 

From the studies herein reported it is evident 
that, in animals maintained on Dicumarol, vitamin 
K, and K, oxide may effect a prompt return of pro- 
thrombin time toward normal. The same results 
were found in patients. A l-gm. dose of vitamin 
K, intravenously was perhaps optimal in man and 
could be depended on to correct the hemorrhagic 
tendency within a matter of hours. This is consist- 
ent with the report of Davidson and MacDonald" 
and of Lucia and Aggeler.'* In contrast to this, 
the water-soluble synthetic vitamin K preparations 
tested showed no antagonistic effect and at near 
toxic levels appeared in some cases to prolong the 
prothrombin time further. Any larger doses were 
prohibitive because of the toxicity of the com- 
pound used. A similar lack of antagonistic action 
of the water-soluble preparations was recently 


CHy 
en 
" j CHeCH*CCH,CHp CH, CHCHe CHp CHp CHCH, CHp CH CHCH, 
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Figure 2. Structure of Vitamin K;. 





reported in rats with the use of the two-stage method 
of prothrombin determination." 

The discrepancy between this and previous re- 
ports indicating a positive action of the water- 
soluble vitamin K preparations may be explained, 
in part, by the smaller doses employed by some 
authors, for in our rats with coincidental adminis- 
tration of Dicumarol and water-soluble vitamin K 
preparations at lower doses some antagonistic effect 
was demonstrated. Likewise, the evidence cannot 
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be questioned that menadione bisulfite ‘ccelerat 
the return of prothrombin to normal after Ditiahhies 
has been discontinued for one or more days. This 
suggests that the effect of the water-soluble = 
pounds is evident only after the bulk of the D. 
cumarol has been disposed of by the body. 

The marked difference of various vitamin K prep- 
arations in their ability to antagonize th: action 2 
Dicumarol is in contrast to potency assays jn ‘. 
tamin-deficient birds or animals.!6 Such Studies 
have shown a greater potency on the part of some 
of the water-soluble preparations, which were 
completely inactive in our experiments. This jn. 
dicates that the phytyl chain (Fig. 2) is not a neces. 
sary part of vitamin K for prothrombin synthesis 
in an animal deficient in vitamin K. However 
with large amounts of Dicumarol present, the 
phytyl group appears to be essential. 

In the presence of hemorrhage from Dicumarol, 
it is often imperative to increase the prothrombin 
activity rapidly. This hemorrhagic complication 
occurs usually during the time when Dicumarol js 
being administered, a situation quite analogous 
to our experiments on animals and human subjects 
during the immediate period of vitamin K adminis. 
tration. As shown by the previous experiments, 
the administration of 1 gm. of vitamin K, intra- 
venously within four to twenty-four hours corrects 
the bleeding tendency and has been observed to 
do so on our wards when actual bleeding has been 
present. 

The effect of an injection of vitamin K, or K, 
oxide may last for one or two weeks as judged by 
an increased requirement for Dicumarol to keep 
the prothrombin time depressed. The maintenance 
dose of Dicumarol in 1 patient was increased from 
100 mg: a day before K, was given to 300 mg. over 
a period of eight days after the administration of 
vitamin K,. Should further anticoagulant therapy 
be indicated, it has proved more convenient to 
change to heparin. 

The injection of these potent vitamin K, con- 
pounds may be hazardous in patients with thrombo- 
embolic disease. In escaping serious hemorrhage 
the patient may again be placed in danger of fatal 
embolism. In such a situation the use of blood 
transfusions may be preferable, for bleeding may 
be stopped while the prothrombin level remains 
low. On the basis of in vitro studies adequately 
preserved bank blood should be as effective as 
fresh blood in the treatment of the coagulation 
defect caused by Dicumarol.!” At the present time, 
however, there is not adequate clinical evidence to 
substantiate this supposition. 


SUMMARY 


The antagonism of therapeutic amounts of D- 
cumarol by vitamin K_ preparations has been 
studied in animals and man. Under the conditions 
of the experiments water-soluble vitamin K prepara 
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tions had no antagonistic effect. Vitamin K, and, 
to a lesser degree, vitamin K, oxide were very 
efiective in decreasing the prothrombin time. On 
the basis of these and other clinical observations 
+ is suggested that vitamin K, and K, oxide pro- 
vide the only known effective means, except blood 


transfusion, Of treating the bleeding emergency of 


Dicumarol toxicity. 
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CLINICAL NOTE 


A VERNIER CALIPER FOR INTERPRETING 
ELECTROCARDIOGRAMS 


Haroxp R. Warnero1, M.D.,* ano 
James Stewart, B.S. 


NEW YORK CITY 


HE measurements required in the interpreta- 

tion of electrocardiograms are frequently made 
with relative inexactness. Considerable time may 
be wasted until a complex or other feature is found 
that falls on a line from which it may be measured 
with some accuracy. Experienced cardiologists 
learn to estimate distances with a high degree of 
accuracy, but-even they may be encumbered with 
such tools as magnifying lenses and rules and often 
with drafting calipers. Those who are less experi- 
enced frequently need to make certain computations, 
which, although not elaborate, introduce the pos- 
sibility of error. 

The illustrated device (Fig. 1) adapts, for elec- 
trocardiographic purposes, the well known principle 
of the vernier caliper, and with it required computa- 
tions are readily performed. On the assumption 
that the recording rate is 25 mm. per second, each 
Vertical millimeter between the jaws is read directly 
in tenths of millivolts; each horizontal increment 
of 2.5 mm. is read directly in tenths of seconds. The 
addition of the vernier to the time scale enables 
the cardiologist rapidly to measure to the hundredth 
of a second with considerable accuracy. Since the 
first two increments on the time scale, 0.1 and 0.2 
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second, represent the acceptable upper limits for 
normal QRS complexes and PR intervals respec- 
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Figure 1. Application of the Caliper to Analogous Parts of 
Successive Complexes, Indicating on the Scale (R. P.M.) a 


Rate of 60 per Minute. 


tively, normal limits for these data are readily 
verified. 


The apical rate is ascertained with equal facility 


if the jaws of the caliper are applied to analogous 
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positions on successive complexes and is then read 
directly on the rate-per-minute scale. By adjusting 
the jaws in this manner and applying them to a 
series of complexes, the cardiologist can detect 
even small variations in the duration of the cardiac 
cycle. The usefulness of the rate-per-minute scale 
is further enhanced by the table incorporated on 
the caliper. 

This vernier caliper for interpreting electro- 
cardiograms was designed with particular emphasis 
on simplicity of operation and of manufacture. 
We prepared the illustrated model by reducing a 
large scale drawing and reproducing it directly on 
a plastic material coated with a photographic 
emulsion. It could be produced with much greater 
precision by persons accustomed to the manufac- 
ture of such scales and should be very inexpensive. 
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Because they can be made so inexpens; ely, caliper 
$ 


calibrated for other paper speeds may esily be p, 

pared. If the central rivet were made larger it 4 ' 
also embrace a small magnifying lens ind stil] xt 
mit motion of the two leaves. This would make it 


more complete but also more expensive, The 
present model weighs exactly 2 gm. and jis 7.6 cm 
in diameter. 
SUMMARY 

A convenient and versatile vernier caliper has 
been designed by which calculations of interest {, 
those interpreting electrocardiograms may readily 
be determined. It is small and light and may fy 
so manufactured as to be inexpensive. 

We are indebted to Professor Polykarp Kusch, of the 


Department of Physics, Columbia University, for adyic: 
and help. ; 





MEDICAL PROGRESS 


ANTICOAGULANTS (Concluded)* 


Dovuctas S. 


Rices, M.D.7 


BOSTON 


DIcUMAROL 


In 1922 Schofield“ described a hemorrhagic disease 
in cattle fed spoiled sweet-clover hay. Roderick* 
found that the basic defect in sweet-clover disease 
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Figure 4. Structural Formulas of Dicumarol and Related 
Compounds. 


was prothrombin deficiency and that the hemor- 
rhagic tendency could be controlled by a with- 
drawal of the diet of spoiled hay and transfusion 


*From the Department of Pharmacology, Harvard Medical School. 
TAssociate in pharmacology, Harvard Medical School. 


of fresh blood from healthy cattle. In 1934 Link 
and his collaborators at the University of Wisconsin 
Agricultural Experiment Station initiated an in- 
tensive search for the causative agent in spoiled 
sweet clover. By 1940 the active principle had been 
isolated. in crystalline form,*® and shortly there. 
after it was identified by synthesis as 3,3’-meth- 
ylenebis (4-hydroxycoumarin), now known as Di- 
cumarol.‘7 The potential usefulness of the new 
compound as an anticoagulant was immediately 
recognized, and in 1941 the first clinical trial in 
5 patients was reported by Butt, Allen and Boll 
mann.‘® Link#® has given an absorbing account 
of the investigations that culminated in the syn- 
thesis of Dicumarol. 
Chemistry 

Dicumarol consists of two 4hydroxycoumarin 
groups linked together by a CH, group. Keto-endl 
tautomerism can occur. The keto isomer of +hy- 
droxycoumarin is illustrated in Figure 4 to emphe 
size its structural similarity to vitamin K and to 
salicylic acid. Dicumarol itself is poorly soluble 
water, but with strong alkalies it forms salts that 
are soluble provided the pH of the solution is above 
8.0. The compound is not very stable in such solv- 
tions.>° 

Many other coumarin derivatives have beer 
examined for anticoagulant activity,’ *° but 
none are as potent as Dicumarol itself. However 
it is of considerable clinical importance that salicylic 
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o which Dicumarol can be quantitatively 
degraded by vigorous treatment with alkali, may 
cause hypoprothrombinemia. Although the potency 
of acetylsalicylic acid is only about one twentieth 
that of Dicumarol,” doses of 2 gm. or more per day 
may produce a significant decrease of plasma pro- 
thrombin in man.™ | 

Certain compounds not closely related to Di- 

y cumarol may exhibit similar biologic activity. 
Kabat and his co-workers®> have reported that 
indandione derivatives can induce hypoprothrom- 
binemia in animals. One of these, 2-pivalyl-1, 3- 
indandione, was as potent as Dicumarol. 
Dicumarol is readily synthesized and is con- 
sequently inexpensive. It is available in tablets of 


25. 50 and 100 mg. 


acid, t 


Mechanism of Action 


Dicumarol has no inhibitory action on blood 
clotting in vitro. Its anticoagulant effect is due 
chiefly, if not solely, to its suppression of prothrom- 
bin formation in the liver. Whereas heparin in- 
terferes with the reactions of coagulation, Di- 
cumarol interferes with the manufacture of one 
of the reactants. This difference is fundamental 
and accounts for the total lack of similarity between 
the pharmacologic properties of heparin and Di- 
cumarol. 

The structural resemblance of 4-hydroxycoumarin 
to vitamin K (Fig. 4) led Woolley** to suggest that 
Dicumarol might act by competing with vitamin 
K in the reactions concerned with the synthesis 
of prothrombin. In favor of this hypothesis are 
the general similarity between the effects of vitamin 
K deprivation and Dicumarol administration, and 
the ability of vitamin K to reverse the action of 
Dicumarol in animals®? and man.58 However, cer- 
tain observations are difficult to reconcile with the 
theory of simple competitive inhibition. Dam and 
Sgndergaard®® studied the prothrombin time of 
mixtures of plasma from chicks treated with Di- 
cumarol or deficient in vitamin K. When plasmas 
from 2 chicks made hypoprothrombinemic by 
vitamin K restriction were mixed, the prothrombin 
time of the mixture always lay between the pro- 
thrombin times of the individual plasmas alone. 
The same limitation was true for mixtures of plasmas 
from Dicumarol-treated chicks. But when one 
plasma was from a chick deficient in vitamin K 
and the other from a chick treated with Dicumarol, 
a mixture of the two in certain proportions gave 
a prothrombin time somewhat Jess than that of 
either plasma alone. In no mixture, however, was 
the prothrombin time reduced to normal. These 
simple experiments demonstrate that although 
both vitamin K deficiency and Dicumarol impair 
prothrombin production, Dicumarol also produces 


a? of some other clotting factor that is 

“_ Present in the plasma of chicks deficient in 

dace Similar experiments in man _ suggest 
at th< 


accessory clotting factor decreased by 
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Dicumarol administration may be one of the pro- 
teins present in plasma or serum that accelerate 
the conversion of prothrombin to thrombin.®-® 

The theory that Dicumarol acts competitively 
as a structural analogue of vitamin K also fails to 
explain the strictly limited ability of the vitamin 
to counteract the action of the anticoagulant. To 
nullify completely the effect of a given amount of 
Dicumarol in animals, much larger amounts of 
vitamin K are required.*’7 Furthermore the ratio 
between the metabolite (vitamin K) and its ana- 
logue (Dicumarol) for a given degree of antagonism 
is not constant over a wide range of doses, as theory 
would demand.** These facts explain the inability 
of certain investigators to demonstrate any reversal 
of the Dicumarol effect by vitamin K in animals,® 
and the early reports that vitamin K was totally 
ineffective during Dicumaro] treatment in man.°° 
It is also noteworthy that the ability of 2,3-dichloro 
1,4-naphthoquinone to inhibit the growth of yeast 
could be counteracted by the structurally similar 
synthetic vitamin K, menadione,® whereas the 
antibacterial action of Dicumarol in vitro could 
not.®° However, since the dichloro analogue and 
Dicumarol were tested against different organisms, 
these results do not provide decisive evidence against 
the theory of competition. 

Although the hypothesis that Dicumarol acts 
by competing with vitamin K is largely based on 
inference and analogy and lacks solid proof, the 
alternative theory that Dicumarol is “toxic” to 
the liver! is even mdre tenuous and far less attrac- 
tive. Certainly Dicumarol impairs a liver function, 
but there is no substantial evidence that it produces 
any specific morphologic changes, either gross or 
microscopical,®* §7 or that other functions of the 
liver are characteristically impaired.5° To be sure, 
Irish and Jaques® reported that in dogs small doses 
of Dicumarol caused a rise in fibrinogen that was 
followed by a decrease to or below normal when 
the dose was increased, and they interpreted their 
results as evidence of a toxic action on the liver. 
However, no such action has been reported in 
man.® The available evidence indicates that Di- 
cumarol in therapeutic doses produces a rather 
specific biochemical lesion and not the more diffuse 
sort of damage usually implied by such terms as 
“toxic action” and “liver poison.” 

Dicumarol has no effect on the platelet count, 
but a significant decrease in platelet adhesiveness 
has been observed in blood drawn from rabbits’° 
and human subjects” with hypoprothrombinemia 
due to Dicumarol administration. The change is 
small, and it is doubtful whether it plays any 
major role in the prevention of thrombosis by 


Dicumarol. 


Pharmacologic Properties 


Dicumarol is readily absorbed from the gas- 
trointestinal tract although a small portion may 
appear unchanged in the feces.” Little is known 
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of its distribution or fate. Only traces could be 
found spectrographically in the blood of rabbits 
twenty to twenty-four hours after intravenous 
administration. No Dicumarol could be demon- 
strated by extraction or bioassay in the urine of 
dogs given 400 mg. per day for six days.” This 
is surprising since after nephrectomy” or kidney 
damage” the effect of a single dose of Dicumarol 
in animals is greatly prolonged, and patients with 
impaired renal function are abnormally sensitive 
to Dicumarol. Link has suggested that Dicumarol 
may be oxidized to salicylic acid in vivo as well 
as in vitro, but neither his group‘? nor Lester’® 
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Ficure 5. Variations in Sensitivity to Dicumarol. 


Per cent responses were calculated from data given by James 

et al.,7” the response being decrease of prothrombin activity to 

or below 20 per cent of normal. The sigmoid curve is sym- 

metrical about the dose (approximately 700 mg.) that would 
elicit this response from half the patients. 


could detect salicylates in the urine after the ad- 
ministration of Dicumarol. 

The time of action of Dicumarol is of the utmost 
clinical importance. After a single dose the maxi- 
mum effect is not attained for two or three days. 
The decrease of plasma prothrombin cannot be 
hastened beyond a certain limiting rate even by 
very large doses,’® and the delay in attaining peak 
action probably represents the time needed for 
the stores of prothrombin present in the body to 
be exhausted. However, the size of the dose de- 
termines the maximum decrease of prothrombin 
attained and the duration of action. With clinically 
effective doses the prothrombin concentration 
usually does not approach normal for a week to 
ten days after administration of the drug has been 
discontinued, but the duration of action varies 
greatly from patient to patient.7?7 It should be 
obvious that daily administration of Dicumarol 
will lead to cumulative action. 
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Variations in Sensitivity to Dicuma 


Early in their work, Link and his 
were impressed by the great variations jp “ 
sitivity to Dicumarol among animals of the same 
species. They were able to show that in rabbits 
susceptibility to Dicumarol was in part a hereditary 
characteristic.* Although a hereditary backgroynj 
has not been demonstrated for man, variations in 
sensitivity from patient to patient are quite 4s 
striking as in other species. James and his asgoc. 
ates’’ have studied the amount of Dicumarol needed 
to reduce prothrombin activity* to 20 per cent of 
normal in 101 medical patients given 300 mg. the 
first day and 200 mg. daily thereafter. Their r. 
sults have been plotted in Figure 5 in the form 
of a dose-response curve. This mode of expressing 
the results is not strictly justified because the number 
of days during which the total dose was given varie 
from patient to patient. However, it serves ty 
emphasize the wide range of sensitivity observed 
in clinical practice. 


>0-Workers# 


Mode of Administration 


Dicumarol is administered orally. Clinical studies, 
particularly those at the Mayo Clinic,7* have estab- 
lished that thrombosis seldom occurs if prothrom- 
bin activity is less than 30 per cent of normal and 
that hemorrhage seldom occurs if prothrombin 
activity is greater than 10 per cent of normal. The 
therapeutic objective of maintaining the prothron- 
bin activity within these limits can be achieved 
only by variation of the dose of Dicumarol to ft 
the response of the individual patient. Ordinarily 
300 mg. is a safe initial dose. Thereafter, it is im- 
perative to adjust the dose according to the prothrombin 
activity determined once each day. If the prothrombin 
activity is greater than 20 per cent, 100 to 200 mg, 
is given. If it is less than 20 per cent none is given. 
However, some attention must also be paid to the 
rate of change of prothrombin. If, for example, it 
is falling rapidly but has not vet reached 29 per cent 
it would be injudicious to give more.”? Furthermore, 
if the patient is unusually sensitive or unusually 
resistant, the daily dose may need to be less than 
100 or more than 200 mg. Indeed it is impossible 
to give any hard and fast rules for administering 
Dicumarol; the proper dosage schedule must 0 
determined for each patient by a system of intel 
ligent trial and error. 

Since the effectiveness and safety of Dicumar 
treatment are wholly dependent upon reliable 
prothrombin estimations it is most unfortunate 
that the determination and interpretation of pro- 
thrombin times differ widely from clinic to clintc 
The one-stage method of Quick,®® or some modifica- 
tion thereof, has been most extensively used. In 
this technic oxalated plasma is allowed to react 


he prothromb Ly 


*Since factors other than prothrombin may affect * te 
“AR: of “prothromo! 


time as usually determined, it is probably better to speak 
activity” rather than ‘‘prothrombin concentration. 
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with optimal concentrations of thromboplastin 

dcalcium, and the time needed for clot formation 
" measured. Because preparations of thrombo- 
saat may differ in potency,* ™ it is essential 
io test each new preparation on several normal 
plasmas. Moreover, the relation between _pro- 
thrombin time and prothrombin concentration is far 
from linear (Fig. 6). A curve relating the two vari- 
ables should be determined in each laboratory for 
each batch of thromboplastin by measurement of 
the prothrombin times for various prothrombin con- 
centrations obtained by dilution of normal plasmas 
vith saline solution or with prothrombin-free plasma. 
From such a curve unknown plasmas can be read 
and reported in terms of percentage of normal, This 
mode of expressing the results tends to eliminate 
diferences due to variations in thromboplastin 
and facilitates accurate regulation of Dicumarol 
dosage.7° 

Far worse than reporting results simply as pro- 
thrombin time is the completely misleading but 
apparently very widespread practice of calculating 
“percentage of prothrombin” by division of the 
prothrombin time for normal plasma by the pro- 
thrombin time for the.unknown sample, the result 
being multiplied by 100. This mode of calculation 
is based on the erroneous assumption that if the 
prothrombin concentration is halved, the prothrom- 
bin time is doubled. It grossly overestimates pro- 
thrombin activity, and when used as a guide in 
attempts to maintain prothrombin between 10 
and 30 per cent of normal, may lead to serious 
overdosage. 

Link*? insists that the Quick method is too in- 
sensitive to give reliable results and vigorously 
supports the use of plasma diluted 1:8 with saline 
solution. Although it is true that Quick’s method 
may fail to detect small decreases in prothrombin 
activity, these are not usually of clinical significance. 
In the range below 30 per cent of normal, most 
investigators have found the Quick procedure 
entirely adequate, whereas in the same range the 
end-point with Link’s 12.5 per cent plasma is dif- 
ficult to determine. 

In the “two-stage” method of Smith and his 
co-workers* the prothrombin is. completely con- 
verted to thrombin after the removal of fibrinogen. 
The time needed for formation of a clot in a specially 
prepared solution of fibrinogen is then measured. 
Although this method eliminates variability due 
to differences in the rate of thrombin formation, 
and therefore provides a more exact estimate of 
the actual concentration of prothrombin, the technic 
required is too intricate and takes too much time 
for general use. Furthermore, alterations in rate 
of thrombin formation may actually be caused by 
Dicumarol and may help to determine its clinical 


effect. | In a detailed comparison of prothrombin 
methods used for controlling Dicumarol therapy 

85 f, . . ° 
Olwin und the least day-to-day variation in 
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prothrombin activity by the two-stage method, 
but he also stated that “the one-stage method is 
of value in estimating the summation of the various 
clotting factors.” 

The so-called ‘bedside method” for prothrombin 
determination is much too unreliable for use in 
control of Dicumarol administration,®® * and at 
present Dicumarol cannot be safely employed un- 
less the facilities of a properly equipped clinical 
laboratory are available.*® 


Toxicity 
On intravenous injection, the LD» of Dicumarol 
for various animals is about 50 mg. per kilogram of 
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Figure 6. Relation between Prothrombin Time and Pro- 


thrombin Concentration. 


The points have been plotted from the data of Quick.’ The origin 

and shape of the curve vary with different preparations of throm- 

boplastin. A standard curve of the type illustrated should be 

prepared whenever a new batch of thromboplastin is used, or 
the method of prothrombin determination is changed. 


body weight. Death occurs within a few hours 
before any change in prothrombin can take place. 
By the oral route the LDw is much larger, and death 
is delayed for several days.8? The acute toxicity of 
Dicumarol is therefore low. But the daily adminis- 
tration of doses far smaller than the LD» will 
eventually lead to death from hemorrhage. Since 
bleeding may not become evident until the pro- 
thrombin concentration has been dangerously low 
for some days, Link*® has suggested that Dicumarol, 
in addition to impairing blood coagulation, may 
produce vascular damage. In support of this idea, 
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McCarter et al.*7 have found widespread dilatation 
of blood vessels and degenerative lesions of their 
walls in dogs poisoned with Dicumarol. However, 
no such changes were seen in dogs or human beings 
given therapeutic doses,® and capillary fragility 
is not increased during properly controlled adminis- 
tration of Dicumarol.*8 

Contrary to earlier statements, the erythrocyte 
sedimentation rate is not affected by the adminis- 
tration of either Dicumarol or heparin.®® 


CuiinicaL Use or ANTICOAGULANTS 


The objective of therapy with the anticoagulant 
drugs is to prevent the formation and growth of 
intravascular clots. Treatment must be continuous 
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disease among patients on medical wards was equally 
great.*' Prophylactic exercises and early ambula. 
tion have reduced the prevalence of, but have by 
no means eliminated, venous thrombosis. To 
treat every bed-ridden patient with anticoagulants 
would impose an impossible burden on the hospital 
and laboratory staff, and would subject many 
patients unnecessarily to the risk of bleeding, Some 
selection of patients for prophylactic treatment is 
essential. Unfortunately, none of the various tests 
proposed for the detection of a thrombotic tend. 
ency have proved reliable,” and selection mug 
be based largely on an evaluation of factors knowy 
to favor the development of intravascular clotting, 
Lillie and his co-workers® have recently discussed 


TaBLe 1. Outstanding Characteristics of Heparin and Dicumarol. 











ANTI- Source CnHemican Mecua- Counter- Route or AVAILARLE APPROXI- Time or Action* Controu  Approxi- 
COAGULANT NATURE NISM OF ACTING ApMINISs- Form MATE or Errect MATE 
AcTION AGENT TRATION DosaGE Cost or 
1 Day's 
Treat- 
MENT 
ONSET PEAK DURATION 
Heparin Beef lungs Highly Inhibits Protamine Intrave- Heparin 300 mg. Imme- 10 min. Usually Maintain $12 
(mast acidic conver- sulfate or nous sodium; per day iate less than clotting 
cells) poly- sion of toluidine or intra- solution, 3 hr. time two 
saccha- pro- blue (1-3) muscular 10 mg. or three 
ride sim- throm- mg. per (1000 times 
ilar to bin to kilogram units) per normal 
mucoitin throm- of body cubic 
sulfuric bin weight centi- 
acid (worksin intra- meter 
vivo and  venously) 
in vitro) 
Dicumarol Synthetic 3,3’-meth- Inhibits Trans- Oral Dicumarol 300 mg. Slow 2-3 days About10 Maintain A few cent 
(spoiled ylenebis _ pro- fusions tablets initially; days pro- 
sweet (4-hydrox- thrombin of fresh (25, 50 0-200 throm- 
clover) ycou- synthe- blood or and 100 mg. per bin ac- 
marin) sis in plasma; mg.) day as tivity 
liver (in mena- needed. between 
vivo dione 10 and 
only) sodium 30 per 
bisulfite cent of 
(£0-100 normal 
mg. in- 
trave- 
nously); 
vitamin 
Ki oxide. 





*After a single dose of heparin by vein or Dicumarol by mouth. 


until the danger of thrombosis is past — usually 
until the patient is able to be up and about. Neither 
heparin nor Dicumarol will dissolve thrombi that 
are already present. However, by preventing fur- 
ther extension they may favor the recanalization 
of thrombosed vessels and the development of an 
adequate collateral circulation.*! 

It is not the purpose of this review to discuss in 
detail all the conditions amenable to treatment 
with heparin and Dicumarol. Only the commonest 
uses are mentioned in the following paragraphs. 


Prophylactic Treatment 


In the past venous thrombosis developed post- 
operatively in almost 1 per cent of surgical pa- 
tients, and about 0.2 per cent died of pulmonary 
embolism.: °° The incidence of thromboembolic 


indications for the prophylactic use of Dicumard. 


Treatment of Venous Thrombosis and Pulmonary 
Embolism 


When peripheral venous thrombosis has already 
occurred, treatment becomes mandatory because 
of the grave danger of embolism. The prompt 
administration of anticoagulants has been at least 
as effective as venous ligation in preventing pul- 
monary infarcts and avoids the peripheral edema 
that sometimes follows interruption of the supe 
ficial femoral veins.'* Even when a pulmonary 
embolus is the first sign of thrombosis it 18 10 
too late to institute treatment with anticoagulants, 
since the occurrence of subsequent emboli can 
usually be prevented. However, venous ligation 
will continue to be useful when anticoagulants ar 
contraindicated. 
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Thrombosis with Myocardial Infarction 


Coronary 
In 1946 a special committee of the American 
Heart Association sponsored a co-operative study 


of the use of anticoagulant drugs in coronary oc- 
asion with myocardial infarction. The results 
of this very carefully controlled investigation were 
unequivocally favorable.“ Secondary myocardial 
factions, peripheral venous thromboses, pul- 
monary emboli and arterial emboli were all sig- 
nificantly less frequent among the 432 patients 
treated with anticoagulants than among the 368 
untreated controls. The mortality was reduced 
fom 24 to 15 per cent. Significant benefit was 
observed in all age groups and was still evident 
ys late as four weeks after the original infarct. 
The conclusion that “Anticoagulant therapy should 
be used in all cases of coronary thrombosis with 
myocardial infarction unless a definite contra- 
indication exists” is amply justified. The idea that 
hemorrhage in the infarcted area might be increased 
by the administration of heparin or Dicumarol has 
been disproved by experiments in dogs. % 


cl 


Contraindications 


Under certain circumstances the danger of bleed- 
ing outweighs the danger of thrombosis. Anti- 
coagulants should obviously not be used in pa- 
tients with a hemorrhagic tendency, nor in those 
with open wounds or ulcerations particularly of 
the gastrointestinal tract. Since even a small amount 
of bleeding in the central nervous system may be 
disastrous, anticoagulants are contraindicated after 
recent operations on the brain or spinal cord and 
after cerebrovascular accidents. In subacute bac- 
terial endocarditis the danger of bleeding around 
a septic infarct in the central nervous system pre- 
cludes the use of anticoagulant drugs. In patients 
with severe hypertension treatment is hazardous 
because of the danger of a cerebrovascular accident. 

Other contraindications apply particularly to 
Dicumarol. It should be used with extreme caution, 
if at all, in hepatic damage because the synthesis 
of prothrombin may already be impaired, and in 
kidney disease because the duration of action is 
greatly prolonged. An absolute contraindication 
to the use of Dicumarol is lack of adequate facilities 
for the estimation of prothrombin. 

Kraus, Perlow, and Singer®? found that if the 
prothrombin activity of pregnant rabbits was re- 
duced to below 10 per cent of normal by the ad- 
ministration of Dicumarol, fetal death from hemor- 
thage in utero would occur. Furthermore, Quick®® 
has shown that when puppies are born of Dicumarol- 
treated bitches the prothrombin activity in the 
young is much lower than in the mother. These 
observati ns enjoin caution in the use of Dicumarol 
during pregnancy. On the other hand, properly 
controled treatment with anticoagulants after 
delivery may not increase post-partum bleeding 
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even when the first dose of Dicumarol is given during 
labor.*® The occurrence of hypoprothrombinemia 
in the suckling young of rats fed Dicumarol sug- 
gests that it may be unwise to allow breast feeding 
while the mother is receiving the drug unless the 
infant is adequately protected with vitamin K.19° 


Control of Hemorrhage during Treatment 


If bleeding occurs during the administration of 
heparin it can be promptly controlled by the slow 
intravenous injection of protamine sulfate or tolui- 
dine blue in a dose of 1 to 3 mg. per kilogram of 
body weight. When a repository preparation of 
heparin has been used, repeated injections may be 
needed,'*! or the antidote may be given by con- 
tinuous infusion. 

Even with meticulous control of the prothrombin 
level, bleeding must be expected in a small proportion 
of patients given effective doses of Dicumarol. 
At the Mayo Clinic minor bleeding in the form 
of epistaxis, hematuria, petechiae and ecchymosis 
appeared in about 3.5 per cent of the patients, 
whereas major hemorrhage, chiefly from operative 
wounds, occurred in about 2 per cent. The incidence 
of major bleeding is lower among medical patients. 
Satisfactory control of hemorrhage may usually 
be achieved by transfusions of fresh whole blood 
or plasma. Lyophilized plasma may also be effec- 
tive,!°? but blood or plasma stored in the fluid state 
is unsatisfactory because of loss of prothrombin 
activity. Large doses (50 to 100 mg.) of menadione 
sodium bisulfite or a similar water-soluble prepara- 
tion of vitamin K injected intravenously will usually 
cause a return of prothrombin activity to safe 
levels within twenty-four hours.** Administration 
of vitamin K may be repeated every two to four 
hours until bleeding ceases. Vitamin K, oxide 
(Fig. 4) is said to have a more sustained effect. It 
must be dissolved in alcohol and emulsified in a 
10 per cent glucose solution for intravenous ad- 
ministration. Doses as large as 2.0 gm. have been 
used.”7 

When the anticoagulant agents are properly used, 
death from hemorrhage is exceedingly rare. Many 
of the fatal cases reported'®* have been due to the 
grossest neglect of essential precautions. 


Choice of Drug 


Since heparin and Dicumarol are equally effective 
in the treatment of thrombosis, the choice between 
them is governed by their pharmacologic peculi- 
arities. Heparin is the safer drug, but is not so con- 
venient as Dicumarol for continued administration. 
Because of its evanescent action and ease of con- 
trol, heparin is the agent of choice when antico- 
agulants are needed during and immediately after 
operations on blood vessels. The long latent period 
before Dicumarol becomes effective makes it im- 
perative to use heparin whenever an immediate 
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action is required, as in pulmonary or arterial 
embolism. 

It is often desirable to start treatment with 
heparin and Dicumarol simultaneously. Heparin 
may then be discontinued as soon as a satisfactory 
reduction of prothrombin activity has been achieved. 
Moderate prolongation of the clotting time with 
heparin does not seriously interfere with the de- 
termination of prothrombin,!% but when large 
single doses are given intravenously, the pro- 
thrombin time may be prolonged. To avoid un- 
derestimating prothrombin activity, it is necessary 
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Figure 7. Relation between Prothrombin Activity and Clotting 
Time. 


The points have been plotted from data obtained in experiments 
on dogs by Quick.?® There is little elevation in clotting time 
until the prothrombin activity is markedly reduced. 


to draw blood for the determination of prothrombin 
at least three hours after an intravenous injection 
of heparin. 

The clotting time of blood is scarcely affected 
by Dicumarol administration until prothrombin 
activity falls far below normal’®. (Fig. 7). The 
clotting time may therefore be relied upon for 
controlling therapy with heparin until Dicumarol 
becomes effective. 


SUMMARY 


Certain outstanding characteristics of heparin and 
Dicumarol are summarized in Table 1. Neither drug 
is ideal. Perhaps an anticoagulant will eventually 
be found that will combine the best qualities of each. 
Until then, the physician may be thankful to have 
at his command two agents so different that they 
are collaborators, rather than rivals, in the treat- 
ment of thromboembolic disease. He may also 


THE NEW ENGLAND JOURNAL OF MEDICINE 





be thankful for the work of such men as Howel 


Best, Jorpes, Link and _ their associates, 
fundamental chemical and _ pharnmtac logic 


INVes. 


tigations made possible the safe and effective clinical 
use of heparin and Dicumarol. 


I am indebted to Mrs. Selma O. Oppenheim and Mrs 


Alice C. Cook for their assistance during 
this review. 
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CASE 36061 


PRESENTATION OF CASE 


A four-month-old male infant was admitted to 
the hospital because of cough and failure to gain 
weight. 

The child was born by forceps delivery following 
@ norma! pregnancy. The birth weight was 7 
Pounds, 5 ounces, but by the seventeenth day, on 


discharge from the hospital where he was born, 
he had failed to regain his birth weight. There was 
no history of cyanosis. Various formulas had been 
tried without success, but the child frequently 
vomited about a half an hour following feedings. 
A persistent, semiproductive cough had been present 
since birth. 

Physical examination revealed a marantic, fairly 
well hydrated infant weighing 7 pounds, 6 ounces. 
The head measured 38 cm. in diameter. There was 
hyperresonance over the anterior lung fields, with 
bronchovesicular breath sounds. Posteriorly, the 
left-lung field was normal to percussion and auscul- 
tation. Over the right field there was generalized 
dullness extending to the posterior axillary line. 
Bronchophony and diminished breath sounds were 
heard over this area. When the child was shaken, 
splashing succussion was heard over this area. The 
remainder of the examination was negative. 

Examination of the blood revealed a_red-cell 
count of 4,260,000, with 15 gm. of hemoglobin, 
and a white-cell count of 10,550, with 39 per cent 
neutrophils, 47 per cent lymphocytes, 13 per cent 
monocytes and 1 per cent eosinophils. The urine 
was essentially normal. The serum nonprotein 
nitrogen was 28 mg., and the protein 5.2 gm. per 
100 cc., and the prothrombin time 21 seconds (nor- 


mal, 16 seconds). A serum sulfonamide level 
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was 5.2 mg. per 100 cc. An x-ray film of the chest DIFFERENTIAL D1acnosis 


showed two large cysts, containing air and fluid, 
within the right thorax posteriorly (Fig. 1). These 
had displaced the right lung anteriorly, and the 
mediastinum to the left. The cysts were thin- 
walled, could not be separated from each other 
and possibly represented two lobules of the same 
cyst. The left leaf of the diaphragm appeared to 


Dr. Epwarp B. D. NEuwauser*: ‘lhe signs ay 
symptoms in this child are of significance, A me large 4) 
sistent, semiproductive cough had been present to much 
birth. There was no story of blood in the ing 
or description of the vomitus — whether jt Ms 
tained bile or anything of that sort. By the tine upper 
of admission he was marantic but fairly well be - 


be intact. Only the outer margin of the right leaf ae ae «tat 
of the oie was wn aca. drated. The striking things in the physical examing. er” 
tion are the hyperresonance and the splashing in spina © 
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Ficure l. 





The stomach was in the peritoneal cavity. There 

was no large-bowel distention, and no gas-filled Ficure 2. 

large bowel was seen leading up into the chest. A 

week later an x-ray film showed no definite change 

in the amount of fluid or air in the cyst (Fig. 2). evidence of infection as shown by blood studies, 
On the tenth hospital day a thoracentesis was but he had one abnormal finding, a prothrombin 

performed, and 90 cc. of pale-tan fluid, loaded time of 21 seconds. I do not know what significance 

with whitish flecks, was removed from the cyst. that has in indicating liver damage. | would be 

Some air was also withdrawn. After the fluid had _ inclined to dismiss it for the moment. ; 

been withdrawn 0.25 gm. of streptomycin was placed The next study was the x-ray examination. We 

within the cyst cavity. Culture of the fluid showed have a great number of films, — twenty-four by 

many pleomorphic gram-negative rods identified count, — indicating that someone was puzzled. | 2m 

as Escherichia colt. think the most significant films were obtained 0 ous 
After about three weeks’ hospitalization, during _ the first and second examinations taken in the other FR poe: 

which blood transfusions were given and some hospital. This first film (Fig. 1) is of the chest an’ i bir 

weight gain occurred, an operation was performed. *Radiologist, Children’s Medical Center. : 
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the abdomen. Here we are presented with an obvious 
», but, as so often happens, the lesion is so 


© signs and oe and peculiar that it is very difficult to make 
Ce. A per. ge out of it; it is often easier when the lesion is 
Fesent since Se We see some evident changes. The bones 
© VOmitu eae except that in the low cervical and 
er it Con. a - ideal spine, there is evidence of malforma- 
id ny pit There are several double hemivertebras and 
: “iy by. widening of the interpedicular spaces — an occult 
lash; ~ spina bifida. There is no lateral film so that I can- 
Pathog 1M ot tell whether or not there is a soft-tissue mass 
ap te such as a meningocele. There probably is not. The 
the other My "ext sing ieee . _ ae coe nebo 
When " heart and mediastinal shadows to : a 







the heart lies wholly within the left thorax. The 
left lung appears normal. There is no evidence of 
inflammatory reaction, and no evidence of fluid 
| in the left pleural space. As we go to the opposite 
side we can see a large, round, somewhat lobular 
shadow of increased density, which in the erect 
position appears to be a collection of fluid in a large, 
somewhat lobulated mass. The distribution of the 
mass is odd indeed, but it is because of that fact 
that I can hope to make the diagnosis. In the 
lateral film the mass appears extrapulmonary, for 
the lung is compressed and displaced forward so 
that the right lung appears to occupy the anterior 
lateral aspect of the right thorax and this cyst-like 
mass, to a great extent, is posterior. The right lung 
itself appears clear. There is some portion of lung 
herniating across the midline to the left. There is 
no evidence of calcium in the mass. The next x-ray 
examination, made a few days later, is helpful. The 
correct procedure was carried out. The patient 
was given a swallow of barium, and the examina- 
tion of the gastrointestinal tract done. Here we 
see that the esophagus is displaced to the left along 
with the other shadows. Again, one can see cyst- 


Ula and no 


like shadows with fluid in the right chest and, in: 


the upright position, much more fluid. As one goes 
to the lateral film (Fig. 2) the esophagus is dis- 
placed forward; in other words, there are fluid- 
filled and air-filled cysts, apparently behind the 
esophagus and actually extending into the left 
midthorax behind the esophagus — a very unusual 
finding. In the gastrointestinal series, the stomach 
and most of the small bowel are visualized. The 
normal small bowel appears to lie within the peri- 


udies, toneal cavity. The examination of the colon was 
mbin carried out in this third stage in diagnosis. The 
cance colon is normal. 

ld be Let us go back to the history. I think there are 


a great many questions one would like to ask. One is 
We : the nature of the white flecks. That might give the 


r by story away. An important question is, Were there 
d. | 4 number of pus cells in the fluid? I think the per- 
J on centage of pus cells might be of interest. If there 
ther were only a few, I would lean one way; if many, I 
and would lean another. Dr. Crawford might know. - 


Dr. Joun Crawrorp: I do not know. 
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Dr. Ricuwarp H. Sweet: Dr. Lamar Soutter did 
the aspiration. I do not know in what laboratory 
the examination was done. He thought it was pus. 
There were white cells drained from what he thought 
was an infected area. 

Dr. Neuuauser: At least some pus? 

Dr. Sweet: That was his belief. 

Dr. Neunauser: Eventually colon bacilli were 
identified. In spite of the fact that on admission 
the patient had a normal hemoglobin and red-cell 
count, it is very important to know if the stool was 
examined for occult blood or actual hemorrhage. 
Was there any history of hematemesis? I would 
like to assume that he had a considerable amount 
of occult blood in the stools, since so many trans- 
fusions were given. Was he losing blood? I assume 
that he was. 

Dr. Crawrorp: Several transfusions were given 
outside the hospital before admission. That ac- 
counts for the normal hemoglobin. 

Dr. Neunauser: Were the stools examined? 

Dr. Crawrorp: As far as I know they were nor- 
mal. 

Dr. Neunauser: We are presented with achild 
with symptoms dating from shortly after birth 
and with evidence of one clear-cut congenital mal- 
formation in the spine. The exact diagnosis of these 
cyst-like lesions in the chest brings up a number of 
conditions that might be discussed for a moment. 
There is nothing to suggest a collection of pleural 
fluid on the right. Neither the position nor the 
contour is that of encapsulated fluid in the pleural 
space. I do not believe that the patient had a 
cystic lesion that connected with the trachea, the 
bronchi or the esophagus. The lesion appears to be 
extrapulmonary, so that one can probably exclude 
an intrapulmonary cyst. It is remotely possible 
that he had some sort of cystic tumor. If he had, 
it again would have -had to be communicating 
with the gastrointestinal tract or tracheobronchial 
tree. I have never seen a tumor break down and 
undergo extensive liquefaction with such large 
cysts as are evident in the roentgenograms. I 
thought a great deal of that possibility, but I would 
like to dismiss it. 

Another possible lesion within the chest is a 
duplication of the esophagus. Certainly duplica- 
tions of the esophagus may be quite large and even 
multiloculated with fluid. However, I have never 
seen one actually communicating with the esopha- 
gus, and I would not expect it to occur with any 
frequency whatsoever. If it did communicate I 
would expect more vomiting of the fluid and ex- 
tensive aspiration of the fluid into the lungs. I 
think we can therefore exclude intrapulmonary 
cyst or any mediastinal mass communicating with 
the trachea or’ bronchus, and I think we can ex- 
clude duplication of the esophagus. I should rule 

out bronchogenic cysts and all mediastinal cysts 
that might be in that location. 






























































































































































































































































































































226 THE NEW ENGLAND JOURNAL OF MEDICINE 





I believe that there is only one lesion that fits 

this picture. It is not common, but I think there 
is sufficient evidence for the diagnosis and it is 
the only logical deduction that can be made. I 
believe this was one of the relatively unusual anom- 
alies — that is, duplication of the jejunum.* These 
may appear much like elongated diverticula, 
30 cm. or more in length, which pass through a 
defect in the diaphragm posteriorly and herniate 
into the chest. They may show only a minute open- 
ing into the jejunum so that fluid becomes trapped 
in the intrathoracic portion of the duplication 
and is not evacuated satisfactorily. A small amount 
of gas usually does get up into the lesion. Bleeding 
from ‘the gastrointestinal tract is not uncommon, 
since these cysts may be lined with gastric epithe- 
lium. I have here some slides from a patient with 
what I believe is a similar lesion. We can see in 
this diagram that on the left a duplication of the 
jejunum arises as a straight narrow channel and 
passes into the hemithorax through a defect in the 
posterior portion of the diaphragm. This is an x-ray 
film of the same patient and shows a large, lobu- 
lated, soft-tissue mass in the right chest, and we 
can see at the extreme upper portion a small level 
of air and fluid. It has a different contour and some- 
what different distribution, but on the whole ap- 
pears to be the same lesion as that presented by the 
patient under discussion. The third and last slide 
is a similar one from still another case, but is dif- 
ferent in distribution and more nearly conforms to 
the picture of the patient under discussion. 

So that, in summary, I think a duplication act- 
ing as a long diverticulum arising from the jejunum 
and passing through the diaphragm into the right 
hemithorax behind the heart and behind the esopha- 
gus is the only logical diagnosis that one can make 
from the evidence presented. I would not be cer- 
tain what this lesion was lined with. If the patient 
had had melena or hematemesis one would suspect 
the presence of gastric epithelium. 

Dr. Attan M. Butter: I think Dr. Neuhauser 
has put his finger on what was missing in the his- 
tory — namely, the poor description of the fluid 
obtained on tapping. It is too bad that Dr. Soutter 
is not here to give a better description and to include 
a description of the chemistry of that fluid. It would 
be important in arriving at the diagnosis. 


CuinicaL D1acnosis 


Bronchogenic cyst. 


Dr. NEUHAUSER’s D1AGNosis 


Diverticulum-like duplication of jejunum pass- 
ing through defect in posterior portion of 
right dome of diaphragm into thorax. 


_*Gross, R. E., Neuhauser, E. B. D., and Longino, L. A. Thoracic 
diverticula which originate from intestine. Ann. Surg. (in press). 















ANATOMICAL DiacGnosis 


Duplication of intestine, esophageal and smal] 
bowel in type, arising in jejunum and Sess 
ing through diaphragm into thorax. 


PaTHOLOGICAL Discussion 


Dr. Sweet: I am much interested in Dr, Ney. 
hauser’s drawings because I would have said jp 
made them from our case, especially the first one 
he showed. It did not look like the last one except 
that it had come from below the abdomen. We 
were unable to get as far in the diagnosis as he has 
gone. At operation I called it an enterogenous cys. 
for want of a better name, thinking it was an 
esophageal duplication. It was obvious that it had 
no communication with the lung. It pushed the 
lung forward and had arisen from the mediastinum, 
It was quite free and cystic. As I dissected it 
free and had a good look at it, it appeared like the 
cecum with a portion of bowel leading off the 
bottom of it. But what surprised me was that 
there was an upward extension from this cyst-like 
bowel to the base of the neck, where it was attached 
to the esophagus. There was no evidence of a 
lumen — just a band to hold it up there. We 
severed that. The lower part looked like small 
bowel passing through the diaphragm lateral to 
the vena cava. It was quite apparent that by pull 
ing it out I was merely pulling more and more 
of something indeterminate, and I finally decided 
that it was time to stop. After tying a pursestring 
suture around it, we allowed it to drop back from 
the diaphragm and took the abnormal mass out. 

Dr. Tracy B. Mattory: Figure 3 shows in dia- 
grammatic fashion the anatomical findings in this 
patient. There was a duplication of the intestinal 
tract, arising, as Dr. Neuhauser predicted, in the 
jejunum and passing up through the right side of 
the diaphragm into the thoracic cavity. The intra- 
abdominal portion was narrow and approximately 
of the same diameter as the small bowel. Above 
the diaphragm it widened out into a sac even longer 
than the stomach. At its upper pole it was attached, 
as Dr. Sweet has described, by a lumenless cord to 
the esophagus just above the aortic arch. Sections 
from the walls of this mediastinal structure showed 
two types of epithelium: one was esophageal in 
character with a squamous-cell lining, and the other 
with intestinal villi and quite typical of small bowel. 
We were unable to identify any gastric type of 
epithelium between the esophageal and small bowel 
portions. 

A Puysician: What was the postoperative result! 
Dr. Mattory: The patient developed a massivé 
collapse and uncontrollable hydrothorax and died. 
Death was obviously due to pulmonary atelectasis 
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Kranes: Would you not expect 
barium to get UP into the chest? 

Dr. NeunAusER: Just a swallow was given. The 
fim may not have been taken at the right time. 
| wonder if the white flecks could be barium or 


Dr. ALFRED 


Esophagus 
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Duplication 
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Ficure 3. 


curds of milk. We have never seen barium get up 
that far in the few cases that we have had. 


CASE 36062 
PRESENTATION OF CASE 


First admission. A thirty-six-year-old stevedore 
entered the hospital because of increasing weak- 
ness and failing vision. 

The patient was well until eight months before 
admission, when he noticed intermittent swelling 
of the ankles. Two months before admission he 
began to have increasing fatigue and dyspnea, edema 
of the face in the morning and of the ankles at night, 
and difficulty with vision. His doctor treated him 
with digitalis, but this alleviated the symptoms 
only temporarily. There was no history of chronic 
renal disease, hematuria or pyuria. There was oc- 
casional vomiting but no diarrhea. 

Physical examination revealed a thin, nervous, 
pale, dyspneic man with engorged neck veins. The 
fundi showed hemorrhages and exudate, with choked 
disks. The teeth were carious. There were moist 
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expiratory rales in both lung bases. The heart was 
enlarged, and there was a Grade I apical systolic 
murmur. The liver margin was down two finger- 
breadths. There was a tremor of the extremities, 
and equally increased reflexes were present through- 
out. The Chvostek and Trousseau signs were nega- 
tive. The legs were edematous. 

The temperature was 99°F., the pulse 120, and 
the respirations 36. The blood pressure was 190 
systolic, 100 diastolic. 

Examination of the blood disclosed a white-cell 
count of 9000, with 89 per cent neutrophils. The 
hemoglobin was 6 gm., and the red-cell count was 
1,900,000. The serum calcium was 5.0 mg., the 
phosphorus 9.9 mg., and the nonprotein nitrogen 
150 mg. per 100 cc. The carbon dioxide was 13, 
the chloride 107, and the sodium 140 milliequiv. 
per liter. The total protein was 5.42 gm. with an 
albumin-globulin ratio of 1.44. The urine showed a 
reaction of pH 7.0, a specific gravity of 1.012 and 
a ++ test for albumin, and the sediment contained 
many pus cells and occasional red cells and granular 
casts. 

An x-ray film of the chest showed the heart to be 
enlarged in all diameters, with mottled density in 
both lung fields and a small amount of fluid in the 
pleural sinuses. An electrocardiogram was con- 
sistent with left ventricular preponderance on the 
basis of hypertension. 

The patient was treated with rice diet, digitalis, 
Amphojel, calcium and vitamin D, and showed 


gratifying improvement. After three weeks his 
progress was reported as follows: 
On physical examination he remained sallow. The 


fundi still showed hemorrhages and blurred disk mar- 
gins. The neck veins had receded. The chest was clear. 
The heart was enlarged as on admission, but the sounds 
were of good quality, with the aortic second sound greater 
than the pulmonic. There was no edema. Blood chemical 
studies showed a decline of nonprotein nitrogen to 84 mg. 
per 100 cc., of carbon dioxide to 31.8 milliequiv. per liter, 
and calcium to 8.4 mg. and phosphorus to 6.4 mg. per 
100 cc. The sodium and chloride were declining, the latter 
to 88 milliequiv. per liter, probably as a result of the rice 
diet. 


The patient was discharged after one month’s 
hospitalization. 

Final admission (one month later). In the in- 
terval he had been seen in the Medical Clinic and 
was making satisfactory progress, with a hemo- 
globin of 7.8 gm., nonprotein nitrogen of 90 mg. 
per 100 cc., and carbon dioxide of 30.6 milliequiv. 
per liter. The blood pressure was 170 systolic, 90 
diastolic. Within the last week, however, in addi- 
tion to increased dyspnea and fatigue, the patient 
had frequent headaches and blurring of vision, 
anorexia, vomiting and diarrhea (with tarry stools 
two or three times a day). 

Physical examination revealed a semi-stuporous 
man with a uremic odor to the breath. There were 
dullness throughout both lung bases and rales 
throughout the chest, and an enlarged heart with 
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The reflexes 


were 


a Grade II apica! systolic murmur. 
were hyperactive; the Babinski 
equivocal. The hands were tremulous. 

The temperature was 98.6°F., the pulse 100, and 
the respirations 24. The blood pressure was 195 
systolic, 100 diastolic. 

The white-cell count was 17,500, with 82 per cent 
neutrophils. The hemoglobin was 6 gm. The non- 
protein nitrogen was 118 mg., calcium 7.8 mg., and 
phosphorus 6.8 mg. per 100 cc. The carbon dioxide 
was 25.2, and the chloride 84 milliequiv. per liter. 
Examination of the urine showed a specific gravity 
ranging from 1.006 to 1.010, with a ++ test for 
albumin and occasional red cells in the sediment. 

Fluids were forced by clysis, and the patient 
showed some mental clearing. He continued to 
pass tarry stools. On the tenth hospital day the 
temperature, pulse and respirations increased to 
103°F., 120 and 28 respectively, and he developed 
a left anterior axillary “pleuritic” pain with a dry 
cough. Physical examination revealed dullness and 
tubular breathing in the left lower lobe and moist 
inspiratory rales in the left axilla. An x-ray film 
of the chest taken with a portable machine showed 
increased density in the left upper lobe, and penicil- 
lin therapy was started. 

He became irrational and unresponsive and died 
on the thirteenth hospital day. 


reflexes 


DIFFERENTIAL D1AGNosis 


Dr. Ernest Craice*: Although this patient’s 
symptoms were of relatively recent onset, by the 
time he reached the hospital, he already had severe 
hypertension, far-advanced cardiac and renal failure 
and papilledema. The earlier symptoms of swell- 
ing of the ankles, dyspnea and fatigue were largely 
due to congestive failure. There had been temporary 
relief with digitalis and, on physical examination, 
there was evidence of an enlarged heart, pulmonary 
congestion, distended neck veins and an engorged 
liver. The failure of the myocardium was pre- 
sumably on the basis of severe hypertension. That 
kidney disease contributed also to the fluid accumu- 
lation was suggested by the puffiness of the face. 
More important evidence of renal failure was sup- 
plied by the urinary findings of low specific gravity, 
granular casts, red and white blood cells and al- 
buminuria. Azotemia was very marked. Addi- 
tional evidence of uremia at the time of admission 


*Clinical fellow in medicine, Massachusetts General Hospital. 


THE NEW ENGLAND JOURNAL OF MEDICINE 


Feb, 9, 1959 


was afforded by the considerable p 
tention and consequent reduction in scrim Calcium, 
The anemia, too, can be attributed io uremia: jt 
was of severe degree, with the hemoglobin down 
to 6 gm. It appears to have been of the normocytic 
variety, resistant to all methods of treatment, a5 
is usually the case in renal failure. Uremia, they 
was probably responsible for the patient’s pallor, 
tremors and hyperactive reflexes. 

In the hospital, the patient was energetically 
treated with rice diet and measures designed to 
precipitate phosphorus in the intestine. These 
efforts were partially successful since the serum 
calcium rose and the phosphorus fell, although not 
There was also some improve. 


~ sphorus Te 


to normal levels. 
ment in the acidosis and congestive failure. On the 
sharply restricted salt intake, however, the chloride 


fell to a low level. 


Following the temporary improvement, during | 


which he was able to leave the hospital, the ps- 
tient returned with symptoms of terminal uremia, 
including a severe colitis, and died with an inter. 
current infection, probably bronchopneumonia. 
The differential diagnosis here lies between essen- 
tial hypertension and primary nephritis. Another 
possibility, pheochromocytoma, is sometimes respon- 
sible for a sustained severe hypertension. It would 
be extremely rare, though, for it to cause this full- 
blown picture of cardiorenal failure. The terminal 
picture in a small percentage of cases of severe 
essential hypertension may be marked by extreme 
elevation of the blood pressure, papilledema and 
renal failure. This syndrome of so-called malig- 
nant hypertension is often indistinguishable from 
that presented by a small group of patients with 
primary kidney disease seen for the first time in a 
state with hypertension, uremia and 
papilledema. Such an end has been described in 
chronic pyelonephritis, polycystic disease of the 
kidneys and amyloid disease, as well as in glomerulo- 
nephritis. There is no evidence here of congenital 
cystic disease or amyloid disease so that these can 
be dismissed. The presence of pus cells in the urine 
suggests the possibility of chronic pyelonephritis, 
but there is no past history to suggest urinary-tract 
infection and no cultural evidence at present of 
bacilluria. Both these features, of course, may be 
absent late in the course of chronic pyelonephritis 
The more important possibility is glomerulo- 
nephritis. It would be helpful if there were an early 


terminal 
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history to suggest an attack of nephritis or a his- 
tory of albuminuria long before the present ad- 
nisi No such information is available. There 
are, however, certain leads that help to separate 
his case from essential hypertension in the malig- 
nant phase. In the original description of malig- 














% nant hypertension by Keith, Wagener and Kerno- 
" a han,* the diastolic pressure was always considerably 
siaeeid higher than the figure of 100 mm. of mercury as in 
eT this case. Renal failure was seldom so striking as 
ie ‘a cases of chronic nephritis, with ability to con- 
‘ centrate often not severely reduced and azotemia 
; oe seldom at such high levels except occasionally in 
a tt the last stages. Similarly, anemia was never so 
“a severe as in chronic nephritis. These three features— 
i. the moderate hypertension and the severe degree 
of renal failure and anemia — are more in favor of 
during primary kidney diseases, or specifically, glomerulo- 
the ps- nephritis, which is the diagnosis that | sails W hat 
uremia, 8 the duration of the kidney disease? The his- 
‘ ih tory was only of eight months’ duration, but it is 
oa entirely possible that the recent illness represented 
bien. merely an exacerbation of a chronic process, pre- 
Another viously undetected. On the other hand, a relent- 
respon: lessly progressive nephritis of less than a year’s 
nell duration could be responsible for the whole picture. 
ee full I know no way to determine the age of the process. 
inal In summary, then, I believe that this patient had 
sbeere glomerulonephritis either chronic or subacute, with 
tiene terminally a severe hypertension and cardiac 
ee, failure, uremia and bronchopneumonia. 
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CLinIcAL D1aGNnosEs 


Chronic glomerulonephritis. 
Lobar pneumonia. 
Cardiac hypertrophy. 


Dr. Craice’s DIAGNOSES 


Chronic or subacute glomerulonephritis. 
Bronchopneumonia. 

Cardiac hypertrophy. 

Uremia. 


ANATOMICAL DIAGNOSES 


Subacute and chronic glomerulonephritis. 
Lobar pneumonia. 

Pericarditis, uremic. 

Cardiac hypertrophy and dilatation. 
Hydrothorax. 


PATHOLOGICAL DiscussION 


Dr. Benjamin CasTLEMAN: Dr. Craige has cor- 
rectly predicted most of the anatomical findings. 
The renal lesion was that of a subacute and chronic 
glomerular process; the kidneys had shrunk only 
about a third, weighing 280 gm. This means that 
the duration of the disease was probably not very 
much more than the eight months indicated by the 
clinical history. The precipitating cause of death 
was an extensive lobar pneumonia involving both 
lobes of the left lung. As evidence of uremia there 
were a fibrinous pericarditis and mucosal hemor- 
rhages in the bowel. The heart weighed 450 gm. 


and showed left ventricular hypertrophy. 
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PROFESSIONAL SECLUSION 


One of the dangers that regularly confront any 
nation is the acceptance of a political leadership 
that lacks the qualities of statesmanship. 

In this country, which has had its ups and 
downs, its good leaders and its bad ones, its honest 
administrations and its corrupt ones, the form that 
government takes is, in the last analysis, that 
which a majority of the people have chosen or are 
willing to accept. Choice and acceptance, however, 
do not originate with the people but are suggested 
by the very leaders who have persuaded the people 
to follow them. In the series of crises with which 
this country is at present confronted, extension of 
the presently accepted principles of government, 
it is believed by many who have made a study of 
national economy, will in the end bring financial 
ruin if followed through to their conclusion. 
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This is the threat. In view of it the pliysicians of 
America, comprising the first large group whos 
freedom of action has been assailed, must assume 
still stronger leadership in the continuing opposition 
to unwarranted compulsion. 

Such a call to the profession, as voiced by Dr, 
Herman L. Kretschmer before the Institute of 
Medicine of Chicago in December, when he urged 
physicians to “‘come out of their professional secly. 
sion to take leadership as patriotic citizens in the 
fight to the finish against the ‘welfare state,’ ” em- 
phasizes the reluctance of many doctors to accept 
this public charge. 

Professional seclusion is an apt term. The phy- 
sician, equipped with the opportunity, the training 
and the experience for leadership, too often pursues 
his vocation unmindful of the occasions for broader 
service to which he might rise. 

Like Holmes’s chambered nautilus, he should 
leave a “low-vaulted past’? and find, in greater 


opportunity, greater service. 





1950 HEART CAMPAIGN 
As a part of the national effort to control the 
disease that ranks first among the leading causes 
of death, the campaign of the Massachusetts Heart 
Association deserves the support of laymen and 
A goal of $6,000,000 has been 


set by the American Heart Association, and the 


physicians alike. 


organizations in Massachusetts and four other New 
England states will do their utmost to contribute 
their share. 

The money raised in the campaign will be devoted 
to the following purposes: to finance local and na- 
tional research in cardiovascular disease; to pro- 


vide standards for local clinics; to support contin- 
uing programs for the advancement of professional 


knowledge and practice; to furnish lectures, forums 
and panels for discussion; to give free penicillin 
for the treatment of needy persons with subacute 
bacterial endocarditis; to plan for a co-ordinated 
service for children with rheumatic fever; to oF 


ganize the Commonwealth into effective citizen 


groups; to provide information on all phases of 
heart disease; and to distribute free identification 


cards for patients with cardiac conditions, recom- 
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mending chemotherapeutic prophylaxis before oral 
surgery OF tooth extraction. Among the primary 
projects supported by the ieiiteiamtanee Heart 
Association emphasis is placed on participation in 
the Boston Chest X-Ray Program, co-operation with 
the multi-phasic screening plan, a study of the besi 
means of improving home care of ambulatory pa- 
tients with heart disease, attention to rehabilitation 
of cardiac patients and investigation of the efficacy 
of treatment and methods of diagnosis of rheumatic 
fever. 

Success in this ambitious program would greatly 
further progress in the recognition, treatment and 
follow-up care of diseases of the heart. It is to be 
hoped that the citizens of Massachusetts will give 
the campaign all possible aid and co-operation. 





DIAGNOSIS OF CANCER 

Cancer is obviously of extreme interest to all 
informed persons. This is for the general good and 
is resulting in earlier and better treatment, and 
opportunities for increased laboratory and clinical 
study of the disease. 

Publicity also has its disadvantages. It tends to 
make discoveries appear to be of more immediate 
and practical importance than they often deserve. 
A distinction must be made between discoveries that 
are primarily interesting scientifically, and that 
may have practical importance only as they are 
developed, and those that begin with practical 
implications. 

Thus, a reliable laboratory diagnosis for the pres- 
ence of cancer would be extremely valuable from 
all points of view, but a test that is only 75 or 80 
per cent correct has little value as a routine test, 
and yet has sufficient merit to warrant investigation 
to find out its true significance. It would certainly 
not be a test that any physician could use by itself 
alone for cancer detection, because of its inac- 
curacies. 

As suggested by Dr. Scamman’s letter published 
elsewhere in this issue of the Journal, to make such 
a test widespread through economic exploitation 
would seem even more unwise. Tests that give 
inaccurate evidence produce great insecurity in 


diagnosis rather than the security that one needs. 


EDITORIALS 
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The work of Huggins in exploring abnormalities 
in the blood proteins in cancer is an important 
scientific investigation that deserves vigorous sup- 
port. Stress should be placed on finding out why 
the Huggins test and analogous procedures, like 
the Bolen test, are positive as often as they are. 
This would lead to progress, whereas too early 
exploitation of the test as a routine may lead only 
to the tragedy of incorrect diagnoses and the pre- 
mature discrediting of the method. 





OUNCE OF PREVENTION 

THE Journal, on July 7, 1949, commented editori- 
ally on the attitude of Dr. James F. Brailsford, 
director of the x-ray and radium departments at 
Birmingham Hospital, England, in opposing mass 
x-ray checkups or, indeed, any kind of checkup of 
those who have no symptoms of disease. Dr. Brails- 
ford’s utterances were immediately seized upon 
by the organized opponents of orthodox medical 
practice as representing something little less than 
gospel truth. Dr. Brailsford had at that time been 
a recent visitor to this country. 

The esteem in which Dr. Brailsford is held in his 
native land is brought out in the following letter 
published in the British Medical Journal for October 
22, 1949: 


Sir, — His colleagues in Great Britain know enough 
about Dr. James F. Brailsford to discount the various 
extravaganzas in which he indulged in his article entitled 
“Modern Trends in Radiology” (October 1, p. 724). Dr. 
Peter Kerley (October 15, p. 870) has drawn attention to 
some of the grosser mis-statements, and I would merely 
like to draw attention to the absurdity of his recommen- 
dation that medical students should perform upon one 
another “every kind of injection, including ventriculog- 
raphy, myelography, arteriography, etc.” This from 
the director of radiological studies in living anatomy of 
a distinguished university. 

It is disquieting, however, to learn from a footnote that 
Dr. Brailsford has been talking such nonsense in various 
parts of the United States. It is important that our Ameri- 
can colleagues should realize that these views are Dr. 
Brailsford’s own and do not represent the consensus of 
intelligent radiological opinion in this country, and it is 
with that object that I write this letter. —I am, ete., 

S. CocHRANE SHANKS 


London, W. I. 
Dr. Shanks may rest assured. No medical men 
; oa: 
in this country accepted Dr. Brailsford’s views as 


representing British medical opinion, nor were they 
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taken seriously by any persons other than those 
whose interests they served to support. 

As Boston’s mass chest x-ray program came to a 
successful close, attention was more sharply focused 
on the pilot health protection clinic now in opera- 
tion at the New England Center Hospital. This 
unique adventure in preventive medicine, operating 
according to the principles that Dr. Brailsford de- 
cries, has achieved national prominence. Already 
appointments have been made for months ahead, by 
appreciative persons from all over New England. 





The beneficial results of industry, simple food, 
and regular habits, are seen in the fact that the 
Society of United Brethren (Shakers) at Enfield, 
Conn., numbers two hundred and sixty-eight, and 
not a death has occurred among them for fourteen 


months. 
Boston M. & S. J., February 6, 1850 





OBITUARY 


RAYMOND STANTON TITUS 
1883-1949 


Dr. Raymond Stanton Titus died on Christmas 
Day, 1949, at the age of sixty-six. He is survived 
by his wife, three children and seven grandchildren. 

After graduation from Harvard College in 1905 
and the Harvard Medical School in 1909 he served 
an internship in surgery at the Boston City Hospital 
and then embarked on his career as a specialist in 
the field of obstetrics. 

He belonged to the Massachusetts Medical 
Society and the New England Obstetrical and 
Gynecological Society and was a fellow of the 
American College of Surgeons and the American 
Medical Association; he was one of the early cer- 
tificants of the American Board of Obstetrics and 
Gynecology. At one time or another he was a mem- 
ber of the staffs of the Boston Lying-in Hospital, 
the Long Island Hospital and the Florence Critten- 
ton Home. Before his retirement because of age, 
he was obstetrician-in-chief at the Faulkner Hos- 
pital and one of three obstetricians to the Massachu- 
setts General Hospital; up to the time of his death 
he continued on the consulting staffs of these two 
institutions. 

During his early days he tried his hand at teach- 
ing, serving from 1915 to 1921 as assistant in ob- 
stetrics at Harvard Medical School. He wrote 
occasional clinical articles, regarding as his most 
significant efforts in medical literature his papers 
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on hemorrhage during pregnancy anc 
sepsis. 

In the Massachusetts Medical Soc: 
for several years as chairman and, |: 
tary of the Section of Obstetrics and Gynecolop. 
in this capacity he helped to edit a scrieg of “i 
articles dealing with obstetric problems and ee 
ternal welfare that appeared each week in the Ne, 
England Journal of Medicine. ” 

This gives a short review of his medical career 
Essentially, however, he was a practitioner of 
medicine. Once he wrote of himself that his chi 
aversions were snobbishness and dishonesty, anj 
that it was his philosophy to get all the pleasuy 
from life that he could, besides striving to be hones 
and charitable to everyone. He was so competent 
unselfish and conscientious that he quickly ‘s 
tained a high degree of professional success; by 
his skill, his wisdom and his integrity, and by the 
way he taught his own simple concepts of the ar 
of living, he helped countless mothers to bring 
children into the world happily and safely. 

He was a worthy pupil of the Boston School of 
Obstetrics — of Walter Channing, William Lambert 
Richardson and Franklin Spilman Newell. Like 
them, he exemplified the best type of New England 
doctor. 


‘1 puerperal 


iy he acted 
Cr, as S€cre. 


R. F, 





MASSACHUSETTS MEDICAL SOCIETY 


DEATHS 


_McMauon — William E. R. McMahon, M.D., of Boston, 
died on November 19. He was in his sixty-second year. 

Dr. McMahon received his degree from Harvard Medical 
School in 1916. 


Two sisters survive. 


Stone — Ella G. Stone, M.D., of Boston, died on Januar 
20. She was in her eighty-fifth year. 

Dr. Stone received her degree from Tufts College Medica! 
School in 1894. She was formerly ward physician in Lawrence 
and a member of the staffs of Boston Psychopathic Hospital 
and Boston Dispensary. 

A son survives. 


CORRESPONDENCE 
CANCER TEST 


To the Editor: Within a week or ten days, several physicians 
have written or telephoned to me and to Dr. Ernest M. 
Daland, chairman of the Professional Committee of the 
Massachusetts Division of the American Cancer Society; 
to inquire about the usefulness of the iodoacetate index test 
(Huggins test) for the diagnosis of cancer. ‘ 

These inquiries have been stimulated by an advertisement 
of tie American Reagents Company, 3640 N. Broad Street, 
Philadelphia 40, Pennsylvania, which indicates that special 
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reagents, furnished by this company, make possible “a simple, 
cheap and reasonably sure blood test for cancer.” The ad- 
vertisement of this company indicates that a positive blood 
test shows the presence of cancer, and a complete set of re- 
agents to perform the test costs $10.00. — 

“An evaluation of the iodoacctate test just now completed, 
with the aid of a grant from the Massachusetts Division, Inc., 
of the American Cancer Society, shows that. although the 
test is of great potential interest, it has not lived up to its 
initial promise. This evaluation, done under the immediate 
supervision of Dr. Shields Warren, pathologist, New England 
Deaconess Hospital, Boston, shows that the iodoacetate test 
(Huggins test) does not constitute a useful tool for the 

diagnosis of the presence of cancer. _ 
In view of the interest of physicians in this test, I shall 
appreciate your publishing this letter in an early issue of the 
l. 
—_— CriarRENcE L. Scamman, M.D. 
Medical Director 


American Cancer Society 
(Massachusetts Division), Inc. 


Boston 








REGARDING “COLD CURES” 


To the Editor: An an allergist, I read the editoria! ‘‘Anti- 
histaminic Cold Cures and Modern Sales Methods” in the 
January 19 issue of the Journal with a great deal of interest 
and appreciation. You have presented the facts briefly yet 
clearly. 

I know you would be doing both the patients and the 
medical profession a real service if you could reprint this 
editorial on a single face page, which could be distributed to 
all interested physicians for use in their waiting rooms. | 
know that only by this method will the medical profession 
be able to combat in part the unfair practices promulgated 
by the commercial houses and foisted on the public. 

Harry Hersuey, M.D. 


Jersey Citv, New Jersey 





BOOKS RECEIVED 


The receipt of the following books is acknowledged, 
and this listing must be regarded as a sufficient return 
for the courtesy of the sender. Books that appear to be 
of particular interest will be reviewed as space permits. 
Additional information in regard to all listed books 
will be gladly furnished on request. 


Studies from the Rockefeller Institute for Medical Research. 
Reprints. Vol. 138. 8°, paper, 589 pp. New York: Rocke- 
feller Institute for Medical Renmek 1949. 


Introduction to Functional Semantics. By Joseph G. Brin, 
LL.M., Litt.D., professor of semantics, Boston University 
School of Public Relations. With a foreword by Maxwell 
H. Goldberg, Ph.D., professor of English, University of 
Massachusetts. Assisted by Lloyd §S. FitzPatrick, A.B., 
Ed.M. 12°, paper, 202 pp. Boston: National Press Corpora- 
tion, 1949. $3.00. 





NOTICES 


HARVARD MEDICAL SOCIETY 


R, meeting of the Harvard Medical Society will be held in 
f ¢ new Cheever Amphitheater, Dowling Building, Boston 
ity Hospital, on Tuesday, February 14, at 8 p.m. 


Procram 


Observations Relating to Ascites and Edema in Patients 
with Liver Disease. George J. Gabuzda, Jr., Henry S. 
gerne! and Charles §. Davidson. 
abe and Fate of Antigen in the Animal Body. 
uc ward H. Kass, William H. Macmillan, Mary T. 
Kenrick and F, H. L. Taylor? 
bservat ‘ns on Epileptic Myoclonus. Wesley Watson and 
« Denny-Brown. 


NOTICES 










ALPHA OMEGA ALPHA 


Under the auspices of the Tufts chapter of Alpha Omega 
Alpha, Dr. Stanley E. Bradley, assistant professor of 
medicine, Columbia University College of Physicians and 
Surgeons, will lecture on “Renal Mechanisms of Adaptation”’ 
in the auditorium of the Beth Israel Hospital, Boston, on 
Tuesday, February 14, at 8 p.m. The lecture is open to the 
medical profession. 


GREATER BOSTON. MEDICAL TECHNOLOGISTS 
ASSOCIATION 


A meeting of the Greater Boston Medical Technologists 
Association will be held in the amphitheater of the Evans 
Memorial, Massachusetts Memorial Hospitals, 65 East 
Newton Street, Boston, on February 14, at 7:30 p.m. Dr. 
David Skinner will speak on the subject “Differentiation of 
Pathogenic Bacteria.” é 


NEW ENGLAND CONFERENCES ON ALLERGY AND 
RELATED SUBJECTS 


The New England Conferences on Allergy and Related 
Subjects will be held on Wednesday afternoon and evening, 
February 15. The afternoon program, consisting of the 
presentation of cases of bronchial asthma and illustrating 
the use of special technics in diagnosis and the use of Cor- 
tisone in treatment, will be held in the amphitheater of the 
Evans Memorial Hospital, 65 East Newton Street, Boston, 
from 3:30 p.m. to 5.30 p.m. 

At the evening program, which will take place in the State 
Suite of the Copley Plaza Hotel, Boston, at 8:30 p.m., Dr. 
Bram Rose, of McGill University Faculty of Medicine and 
the Royal Victoria Hospital, Montreal, will discuss ‘The 
Effect of ACTH on Bronchial Asthma and Other Conditions 
of Hypersensitivity.” 

A dinner at the Copley Plaza Hotel, Boston, for the con- 
venience of those attending the program, will take place at 
7:00 p.m. Reservations may be made on or before February 
10 by application to Dr. Irving W. Schiller, 65 East Newton 
Street, Boston 18, Massachusetts, enclosing a check for $4.50 
to cover the expenses of the dinner. 

All members of the medical profession are cordially in- 
vited to both the afternoon and evening meetings. 














NEW ENGLAND SOCIETY OF PHYSICAL MEDICINE 

A meeting of the New England Society of Physical Medicine 
will be held in the lecture hall of the Nurses’ Home, New 
England Baptist Hospital, 220 Fisher Avenue, Roxbury, 
Massachusetts, on Wednesday, February 15, at 8 p.m. Drs. 
Hollis L. Albright and Richard C. Kerr will speak on the 
subject “Implementary Management of Periphera! Vascular 


Disease.” 
A symposium and discussion period will follow. 


GREATER BOSTON MEDICAL SOCIETY 

A meeting of the Greater Boston Medical Society will be 
held in the auditorium of the Beth Israel! Hospital, on Thurs- 
day, February 16, at 8:15 p.m. 

A symposium entitled “Recent Advances in the Diagnosis 
and Treatment of Bronchial Asthma” will be presented. Dr. 
Francis C. Lowell will discuss the problem in adults. Dr. 
Lewis Webb Hill wi!l consider the subject in children. There 
will be a discussion by Drs. Nathan Gorin, Hyman L. Nater- 
man and Irving W. Schiller. 


SOUTH END MEDICAL CLUB 

A luncheon meeting of the South End Medical Club will 
be held at the headquarters of the Boston Tuberculosis 
Association, 554 Columbus Avenue, Boston, on Tuesday, 
February 21, at 12 noon. 

A sound and color film will be shown on the subject “Role 
of Gastroscopy in the Diagnosis and Treatment of Gastric 
=. Dr. I. R. Jankelson will discuss the subject 

cer. 


“Peptic pul 
Physicians are cordially invited to attend. 


” 


MASSACHUSETTS TRUDEAU SOCIETY 
The winter meeting of the Massachusetts Trudeau Society 
will be held in the amphitheater of the Peter Bent Brigham 
Hospital on Thursday, February 23, at 8:15 p.m. The sub- 
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ject of the meeting will be “Extrapulmonary Tuberculosis,” 
and the program is as follows: 

Genitourinary Tuberculosis. Dr. Fletcher H. Colby. 

Treatment Problems in Hematogenous Tuberculosis. Dr. 
Carl Muschenheim, associate professor of clinical medicine, 
Cornell University Medical College. 

Physicians and medical students are cordially invited. 


AMERICAN GOITER ASSOCIATION 


The annual meeting of the American Goiter Association 
will be held in the Shamrock Hotel, Houston, Texas, on 
March 9, 10 and 11. 

The program will consist of papers dealing with goiter and 
other diseases of the thyroid gland, dry clinics and demon- 
strations. 

Further information regarding the meeting may be ob- 
tained by application to George C. Shivers, M.D., corre- 
sponding secretary, American Goiter Association, Colorado 
Springs, Colorado. 


NEW ENGLAND SOCIETY OF ANESTHESIOLOGISTS 


A regular meeting of the New England Society of Anes- 
thesiologists will be held in the auditorium of Building A, 
Boston University School of Medicine, Boston, on Tuesday, 
March 14, at 7:30 p.m. Dr. Donald E. Brown will speak on 
the subject “Fluid Therapy in Surgical Patients.” 


CORNELL ALUMNI DAY 


Cornell University Medical College will hold its annual 
Alumni Day on March 23. The second annual award to an 
alumnus for outstanding contributions to medicine will be 
conferred upon Dr. David P. Barr, professor of medicine at 
Cornell, at the end of a scientific program presented by 
well known alumni of the College. The speakers will be Dr. 
Armand J. Quick, of Milwaukee, whose subject is “A New 
Concept of Venous Thrombosis,”; Dr. Paul F. Russell, of 
New York City, whose subject is “International Preventive 
Medicine”; and Dr. Harry M. Rose, of New York City, 
whose subject is “Studies on the Inhibition of Influenza Virus 
by Secretions of the Human Respiratory Tract.” 

The scientific program will also include operating clinics 
and the presentation of papers by the staff of the Second 
(Cornell) Divisions at Bellevue Hospital, and an exhibit 
covering research work at the New York Hospital—Cornell 
Medical Center. 


SUFFOLK DISTRICT CENSORS’ MEETING 


The censors of Suffolk District Medical Society will meet for 
the examination of candidates at the Boston Medical Library, 
8 Fenway, Boston, on Thursday, May 4, at 4 p.m. 


AMERICAN ASSOCIATION OF GENITO-URINARY 


SURGEONS 


The sixty-first annual meeting of the American Associa- 
tion of Genito-Urinary Surgeons will be held at the Hotel 
Hershey, Hershey, Pennsylvania, on May 24, 25 and 26. 

Titles of papers should be sent to the Secretary as soon 
as possible. Contributions to the program will be accepted 
up to February 25, unless the program is filled before that 
time. 


AMERICAN CANCER SOCIETY CLINICAL 
FELLOWSHIPS 


A limited number of fellowships given by the American 
Cancer Society offer graduates in medicine opportunities 
for postgraduate training, emphasizing diagnosis and treat- 
ment of cancer. Fellowships available on and after July 1 
1950, will be awarded for one year and are renewable to and 
including three years. Fellowships are awarded to institutions 
only —_ application by deans, executive officers or depart- 
ment heads. Persons desiring such fellowships should con- 
sult the appropriate authority in the institution of their 
choice. 

Applications for Fellowships for the year 1950-51 must be 
submitted prior to February 15, 1950. Further information 
may be obtained from the Professional Education Section of 
the Amerig¢an Cancer Society, 47 Beaver Street. New York 4 
New York. 
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ROYAL SOCIETY OF EDINBURGH 


A David Anderson-Berry Silver-Gilt Medal, :ogethe with 
a sum cf money amounting to about £100, w:!! | : 


. . be 
during 1950 by the Royal Society of Edinburg: to . 
son who, in the opinion of the Council, has recently Siblhvens 
the best work on the therapeutic effect of x-rays on ‘i 


— ban ati ii 

Applications for this prize are invited. They may 

on both published and unpublished work and shenlg et 

companied by copies of the relevant papers. r 
Applications must be in the hands of the General i... 

tary, Royal Society of Edinburgh, 22 George Street, Rgin 

burgh 2, not later than March 31, 1950. = 


LABORATORY COURSES AT COMMUNICABLE 
DISEASE CENTER, ATLANTA, GEORGIA 


The schedule of laboratory courses given by the Com. 
municable Disease Center for 1950 has been revised to a 
clude an additional one-week course in laboratory diagnosis 
of enteric diseases, introductory enteric bacteriology, to be 
given March 20-24; an additional two-week course in labora. 
tory diagnosis of tuberculosis, to be given December 45. 
change in the dates of the previously announced three-weel 
course in the pg tf diagnosis of tuberculosis to August 
21-September 7, instead of the dates previously announced: 
and an additional one-week course in serologic diagnosis of 
rickettsial diseases, to be given November 6-10. 


REGULAR CORPS EXAMINATION FOR MEDICAL 
OFFICERS IN UNITED STATES PUBLIC HEALTH 
SERVICE 


A competitive examination for appointment of medical 
officers in the Regular Corps of the United States Public 
Health Service will be held on May 15, 16 and 17, 1950, 
Examinations will be held at a number of points throughout 
the United States, located as centrally as possible in relation 
to the homes of candidates. 

Appointments will be made in the grades of assistant sur- 
geon (equivalent to Army rank of first lieutenant) and senior 
assistant surgeon (equivalent to captain). All commissioned 
officers are craceted to the general service and are subject 
to change of station and assignment as necessitated by the 
needs of the Service, although consideration is given to the 
officer’s preference, ability, and experience. Appointments 
are permanent and provide opportunities to qualified phy- 
sicians for a life career in clinical medicine, research and 
public health. 

An applicant for appointment in the grade of assistant 
surgeon must be a United States citizen at least twenty-one 
years of age with a degree from a recognized medical school 
and at least seven years of educational training and pro- 
fessional experience subsequent to high school. The require- 
ments for appointment in the grade of senior assistant sur- 
geon are the same except that the educational training and 
professional experience subsequent to high school must tot! 
at least ten years. “- 

Applicants who will complete these requirements within 
nine months of the date of the written examination will be 
admitted, but may not be appointed until they meet the 
above requirements. Physicians who are successful in the 
examination and are now serving internships will not be 
placed on active duty in the Regular Corps until completion 
of internship. The examination will include an oral interview, 
physical examination, and written objective tests covering 
basic medical sciences, including anatomy, physiology, 
biochemistry, microbiology and pathology; practice of medi- 
cine, comprising internal medicine (including neurology and 
psychiatry), therapeutics and toxicology, pediatrics, an¢ 
medical problems of obstetrics and gynecology; practice 0 
surgery, including surgery, orthopedics, gynecology 3m 
obstetric procedures; and preventive medicine and public 
health. 

Application forms and additional information may be of 
tained from the Surgeon General, United States Public wn 
Service, Federal Security Agency, Washington 25, V. © 
(Attention: Division of Commissioned Officers). Applica- 
tions received after April 17, 1950, cannot be accepted. 


(Notices concluded on page xiii) 
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NOTICES (Concluded from page 234) 


SOCIETY MEETINGS AND CONFERENCES 


-M 
OcroBeR 3 Ma 
Postgraduate Semi 


ay 19. Massachusetts Department of Mental Health. 
ane in Neurology and Psychiatry. Page 286, issue of 


August 18. -MBER 1. Laboratory Courses at Communicable Dis- 
ayer  igaate, Georgit. Page 950, issue of December 8. 

* pec 13, Delta Omega Lecture. Page 196, issue of February 2. 
be . Alpha Omega Alpha. Page 233. 


ry 14 . . ave 
acer 14, Greater Boston Medical Technologists Association. 


y) : ? 
ea 14. New England Society of Anesthesiologists. Page 76, 


eee ary 12. ; P 
ibd 28c i. Harvard Medical Society. Page 233. 

Fepruary 15. New England Conferences on Allergy and Related Sub- 
— 1s. New England Society of Physical Medicine. Page 233. 

Fesruary 16, Greater Boston Medical Society. Page 233 

Fepruary 18. Springfield Hospital. Page 196, issue of February 2. 

Fesauary 20. Boston Lying-in Hospital Obstetric Round Table. Page 
998. issue of December 1. : d 
j FEBRUARY 20. Hartford Medical Society. Page 160, issue of January 26. 

7 20-23. American Academy of General Practice. Page 252, 

wig 9 ii 
18S August . 
si sevany 21. South End Medical Club. Page 233. 

Fesruary 21. Springfield Hospital. Page 196, issue of February 2. 

Fepruary 23. Massachusetts Trudeau Society. Page 233. 

Marcu 6. New England Cardiovascular Society. Page 724, issue of 
November 3. 

Manek 9, Neck Tumors — Problems of Diagnosis and Management. 
Dr, Joseph Tartakoff. Pentucket Association of Physicians. 8:30 p.m. 
Haverhill. 

Manes 9-11. American Goiter Association. Page 234. 

Marcu 14. New England Society of Anesthesiologists. Page 234. 

Marcu 23. Cornell Alumni Day. Page 234. 

Aprit 17. Boston Lying-in Hospital Obstetric Round Table. Page 888, 
ssue of December 1. 

Aprit 24-28. National Tuberculosis Association. Page 678, issue of 
October 27. 
poe! 26. New England Obstetrical and Gynecological Society. Rhode 
Island Hospital and Providence Lying-in Hospital, Providence, Rhode 
Island, 

May 3. Norfolk District Medical Society Anniversary Dinner. 

May 4. Suffolk District Censors’ Meeting. Page 234. 

May 14-19. International and Fourth American Congress of Obstetrics 
and Gynecology. Page 160, issue of January 26, 

May 16-18. Massachusetts Medical Society. Annual Meeting. Hotel 
Statler, Boston, 

May 24-26, American Association of Genito-Urinary Surgeons. Page 234. 
; ious is AND - American Society for the Study of Sterility. Page 38, 
issue of January 5, ? 
ae | Bee sovernietineiad Congress for Scientific Research. Page xvii, 
issue of September 1. 

Aucust 21-26. International Society of Hematology. Page 888, issue 
of December 1. 

—— 3-9. International Heart Congress. Page 160, issue of 

anuary 26, 

SepTeMBER 27-29, Mississippi Valley Medical Society. Page 991, issue 
{ December 15. 

NovemBer 1. New England Obstetrical and Gynecological Society. 
Hotel Somerset, Boston. 


District MeEpiIcaL SociEeTIES 
NORFOLK 
Fepruary 28. 
Marcu 28, 
May 3, Anniversary Dinner. 
SUFFOLK 
May 4. Censors’ Meeting. 


CaLenpar or Boston District FOR THE WEEK BEGINNING 
TuHurspay, Fesruary 16 
Tuurspay, Fepruary 16 
8:15 p.m. Greater Boston Medical Society. Auditorium, Beth 
Israel Hospital, 
Fray, Fesruary 17 


*9:00 a.m.-12:00 'm. Combined Medical and Surgical Staff Rounds. 
a eter Bent Brigham Hospital. 
30 p.m. Tumor Clinic. Out-Patient Department, Mount Auburn 
Hospital, Cambridge. 
Monpay, Fesrvary 20 


"130 a.m.-12:15 -m. Chest X-Ray Conference. South End Health 
nit, 5/ East Concord Street, Boston. Dr. Cleaveland Floyd in 


Charge. 
*]2. ' ci 
eae tl ,P.m.  Clinicopathological Conference. - Main Amphi- 
= theater, Peter Bent Brigham Hospital. 
Tuespay, Fesxvary 21 


#12. nis , 
om. South End Medical Club. Headquarters, Boston Tuber- 
#12:]5-).)< sociation, 554 Columbus Avenue, Boston. 
"Brie! Pee Chinicoroentgenological Conference. Peter Bent 
#1:30-3-30 5 nets 
2 ?/ p.m. Pediatric Rounds. Burnham Memorial Hospital for 
nildre Massachusetts General Hospital. 


—— 
Open to the lical profession. 





TWO-WAY PROTECTION aa 


Tablets FERROSATE (Kenmore) 


(Ferrous Sulfate, gr. iv) 


are coated twice to provide a doubly 
protected Ferrous Sulfate offering 
these therapeutic advantages: 


J. Inner coating prevents premature oxidation 
in vivo. 


2 Outer coating increases palatability and aids 
in preventing tooth discoloration. 


Write Dep. N2 Memmore Pharmacy, Ine. 


for professional 500 Commonwealth Ave. 
sample. Boston, Mass. U.S.A. 
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A story familiar to millions of 
mothers is the daily preparation of 
PABLUM* and PABENA* as the first 
solid foods for millions of infants. 


Pablum is a mixed cereal—Pabena 
is oatmeal. 


Both are precooked, vitamin and 
mineral enriched, and practically iden- 
tical in nutritive values. They are pala- 
table and readily digestible, and quickly 
prepared by simply mixing with milk 
or water, hot or cold. 


Pablum and Pabena may be freely 
alternated to provide variety in taste 


for infants, or for children and adults 
requiring a bland, low residue diet. Both 
are prescribed by physicians every- 
where. and are advertised to physicians 
only. *T. M. Reg. U. S. Pat. Off. 


MEAD JOHNSON & CO. 


EVANSVILLE 21,I1IND.,U.S.A. 
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